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PREFACE. 



A KNOWLEDOE of human Anatomy and Physiology is not 
confined to the medical profession, nor to professed scholars. 
It has become a part of general education and is always attain- 
able in our advanced schools, both public and private. The 
study becomes professional when it is pursued to minute details, 
but the general structure of the body, the uses of the several 
parts, the conditions upon which their healthy action depends, and 
the circumstances by which such action may be interfered with, 
should be understood by all. The physical well-being of our- 
selves and of those with whom we stand connected, depends 
in a great-measure upon our acquaintance with these laws of 
our organization. 

It is the design of the following work, to present iliese prin- 
ciples in a form adapted to class instruction. 

The first object has been a suitable arrangement. Such an 
analysis of the objects and wants of the system, is given as 
leads to an obvious classification of the organs of the body. 
This enables the learner to see at once what subjects are to be 
investigated, and in what order they naturally present them- 
selves, and to know when his work is done. Until the facts of 
a science are thus arranged, upon some principle of relation, 
they do not constitute a science, and can serve no purpose either 
of practical application, or of* furnishing enjoyment, or mental 
discipline. 

The Physiology and Hygiene of the several classes of organs 
are so obviously associated with their structure, that it was 
thought better to introduce them in immediate connection with 
the anatomical descriptions. The repetition which would be 
almost necessary if they were treated in separate sections is thus 
avoided. 

Many subjects of collateral interest have been presented in 
the form of notes. This has been done, in order that the con- 
secutiveness of arrangement in the text, might not be inter- 
fered with. 

The second object has been compression. It is one of the 
serious difficulties met with by teachers, that their text books 
are not too comprehensive, but too large. In most of the 
branches of study, they ^o«ld be of such size that they can 
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VI PREFAOE^ 

be completed in a single term. And in addition to this, time 
enongh shonld be allowed for thorongh review. A subject that 
is worth studying is worth reviewing. The principles shonld 
not only be understood, but they should be repeated so many 
times that they cannot be forgotten. Every scholar should be- 
come so familiar with the subjects of his study as to be able to 
take up any of the parts, and give a ready and intelligible ac- 
count of it. 

Whenever conclusions rest upon reasoning which is complex 
and difficult, special effort has been made to render the expres 
sion of the reasoning as clear, and little involved, as possible. 
But to simplify and popularize it in any other way has not been 
attempted, nor would such a course, be likely to secure for it 
additional favor. Hence technical terms, have not been dis- 
carded. In entering upon a new subject of study, the learner 
will necessarily meet with new terms, and it is best to employ 
those which express the ideas that are peculiar to the study 
with the greatest precision, and the least circumlocution. 
Science has a language in some respects peculiar to itself, and 
BO has the counting-room and the farm. Each claims its own 
language, its technical terms, because the ideas to be expressed, 
are peculiar, and require such terms. 

A glossary of technical terms has been combined with the 
index, and as a matter of convenience to pupils, the pronuncia- 
tion has also been marked. 

The several subjects are ftilly illustrated by figures, but, in 
order to invest the study with some additional interest, a set of 
Anatomical Plates has been prepared. 

The author has endeavored to bring the important principles 
of extended treatises on these subjects into a suflSciently narrow 
compass, to divest them somewhat of the professional cast which 
they there assume, and put them into a form in which they will 
be intelligible to pupils, and to give them an arrangement that 
will show their connection with each other, as parts of a single 
branch of science. In attempting to do this he has been guided 
by his experience as a teacher, for many years. He now offers 
the work to the public in the hope that it will meet the approva. 
of those to whom the instruction of vouth "s conunitted. 

Nbw ToEK, Jm, 1, 1863. 
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ANATOMY, PHYSIOLOGY, AND HYGIENE. 



INTRODUCTION. 

1. It is the ohjeci of Anatomy to describe the human bodji 
the structure, form and position of its several organs. It is the 
object of Physiology to describe the uses and relations of these 
rrgans. It is the object of Hygiene to develop ilie principles 
tipon which the healthy action of these organs depends. The 
three may be kept distinct as departments of professional study; 
but, as branches of general education, they are more conve« 
niently studied together. 

2. In order td arrive at a convenient classification of these 
organs, it is necessary to consider the object for which the body 
is furnished. We, that is, our minds, can exert no dired ton* 
troU over the material objects around us. We do, more or 

^ This statement can scarcely need illnstration. We cannot, for in- 
stance, by a mere exertion of the will, canse a book which Ues before 
as to change its place. Such change can be made only by the appli- 
cation of physical force. Perhaps we might have been so constituted 
that we could have controlled directly other matter, as we do our 
bodies ; but such power has not been given us, and those who pretend 
to possess it either deceive, in reference to the effect itself, or the effect 
is produced by the implication of ordinary physical force, exerted in 
such a way as to elude our observation. The most successful efforts 
of jugglery are of this last kind. The skill consists mainly in the 

1 What if the object of Anatomy t Of Phyiiolo^? Of Hygiene? S Wbyle a phyiioal 
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5 INTRODUCTIOIf. 

less, control these objects ; but it is by the body as an inter* 
mediate ageht. How the mind is brought into relation with 
this portion of matter, the body, so that it acts in obedience to 
our wills, is unexplained and inexplicable. All that we can 
say of it is, that it has plesilsed our Creator thus to constitute 
us ; and all the knowledge which we have of the external 
world comes to us by this connexion of mind and body. 

3. Bearing in mind, then, that the body is furnished us as 
the means by which we may become acquainted with, and 
operate upon, external objects, we may inquire what kind of 
organization will secure this end. 

In the first place, there must be a suitable mtdiamau struc" 
twre. It must be sufficiently firm to support the weight, and 
transmit the power, which the purposes of life require ; and 
this firmness is secured by the framework of hones which the 
body contains. This framework must not be a rigid structure, 
but capable of various motions. The joints are provided, to 
render liiese motions possible ; and the muscles are the system 
of connexions by which the several parts of the frame are 
acted upon in the performance of these functions. 

As a system of mechanism, the body is no more capable of 
moving itself than any other piece of machinery is. In the 
second place, then, ihe mind, regarded as the repository of 
voluntary power, must have the means of appljring its power. 
The nervous system, consisting of the brain, the spinal marrow, 

power which performers acquire of moying the hands with wondorful 
accuracy, and yet with a rapidity so great that the eye cannot follow 
them. Thus, changes take place before the obseryer for which he can 
assign no cause ; but they are effected by the hand of the performer 
with a motion which is iuTisible only because of its rapidity. 



■ystem necessary ? 8. What are the three systems of organs by which the body is 
fitted to perform its functions ? Of wh&t classes of organs does the mechanical 
lystem consist? Why must there be a nervous system 1 Of what classes 
of organs does it consist 7 Why is a third system of organs necessary ? Wha; 
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INTRODUCTION. 9 

the nerves, and the organs of the external senses are the means 
of applying this power to the mechanical system, as weU as the 
means by which the mind acquires a knowledge of the proper- 
ties of matter. 

It would seem that when these two systems are formed, and 
so long as they remain perfect, no others are necessary to effect 
the purposes for which the body is designed. But a long pro- 
cess of growth is necessary to perfect the body ; and, like all 
material structures, it is liable to become injured, and is subject 
to ultimate decay. It therefore becomes necessary that there 
should be a third system of organs, which we may call the 
repairing system^ designed to secure the growth which is requir- 
ed in the earlier periods of life, and to ^nish the repairs 
which are required at every period. 

4. Our investigation of this snbject will, therefore, be 
limited to an examination of these three systems, of which the 
body is mainly composed: namely, the Mechanical System, 
the Nervous System, and the Repairing Svstem. 

objeeti are effected by the repairinf ijitem 1 4. T» what wfll our stiidj of tUa 
Ml^Mt be limited f 
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PART I. 

THE MECHANICAL SYSTEM. 

rHI8 SVbTEM CONSISTS OF THE BONES, JOINTS, AND MUSCLCf 

CHAPTER L— OF THE BONES. 
Section L — General Considerations on the Bones, 

6. TAe principal object of the bones is to constitute the 
framework of the body. Its firmness, height, and general form 
depend upon them. They, however, serve other important 
purposes,^particularly that of protection to some of the more 
delicate organs. Thus, the cranium is designed to render the 
brain secure from external injury, and the ribs are employed to 
form land protect the cavity in which the heart and lungs ^ere 
lodged. 

6. It is interesting to trace the process by which the hones are 
aevdoped. There is a period very early in our existence, but 
after the body has acquired its general form, when the skeleton 
contains no bone, but consists entirely of cartilage (gristle). 
These pieces of cartilage, which constitute the first draft of the 
osseous structure, are traversed by minute blood-vessels, and 
particles of bone, conveyed by the blood, are deposited at 

Sectioit I.— 5. T^hat is the principal object of the bones ? What other'pnrposet 
do they serve 7 8. OF what is the first skeleton composed ? State the process by 
which tVis is changed to one of bone. How long time is required to mnke this 
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12 ON THE BO.\ES. 

points called centres of ossification, near the middle of eacli 
piece of cartilage, the corresponding cartilaginous particles 
being at the same time taken up by the circulating fluid, and 
carried away. 

Thus, by a very slow process, the original skeleton is taken 
^ down, and one of bone is built up.* Though#ossification com- 
mences sometime before birth, it is not completed till about 
the twentieth year of life. In certain parts the change is 
delayed much longer. Thus, the lowest portion of the breast 
bone is generally cartilaginous till extreme old age, and the 
cartilages which connect the ribs with the breast bone, in 
healthy persons, never become ossified.^ 

7. At the most vigorous period of life, when the bones 
have attained their full development, they contain about three- 
fifths of their weight of earthy matter, of which phosphate of 
lime is the principal part, and the remaining two-fifths is animal 
matter, mosily in the form of gelatine.^ But their composition 

'When children haye but little exercise, breathe impure air, or are 
confined to food containing but little nourishment, the process of ossi- 
fication is often arrested ; and as the body, which continues to increase 
in size, becomes too heaTj to be supported by the cartilages, they 
yield, and permanent deformity results. 

3 When a bone has been broken, it does not unite by a sudden depo- 
sition of bone. There is a partial cure effected by a rapid deposition 
of cartilage between the broken surfaces, by which they are tempora- 
rily, though not very firmly, united. The complete ossification of this 
cartilage may require seyeral months. 

* These two parts may easily be exhibited separately. When a bone 
is thrown into the fire, the animal, matter which is distributed through 
it becomes charred (converted into charcoal) by the heat, and it be- 
comes ^^aok. The animal matter, however, soon bums out, and a 
white britUd substance, the mineral matter of the bone, is left. The 

change 7 7. What it the eompoiition of the bonei ? How doeg their composition 
difier from thii in early life ? Why it a flexible state of the bones better adapted 
to the conditionf of earl) life 1 What change in the composition of the bo&ei takes 
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ON THE BONpS. 13 

vanes with a porson's age. Early in life, the animal matter 
predominates, and the bones are tough and flexible, though 
possepsing less of firmness. This is the reason why there are 
60 few permanent injuries &om the accidents of childhood and 
youth. In advanced life, the earthy matter predominates, and 
the bones become brittle, and, when broken, less disposed to 
unite firmly. 

^ 8. The form of the bones is so various, that it can scarcely 
be employed in the classification of them. Yet it is conveni- 
ent to speak of long bones, as those of the leg ; of flat bones, 
of which the cranium mostly consists ; and of square bones, 
such as are foumJi in the wrist and ancle. 

9. The structure of the bones is by no means as simple as it 
at first appears. When bone begins to be formed, the osseous 
particles are so deposited as to form fine, stiff threads of bone, 
and hence the long bones are al- 

.ways fibrous, and, for the same rea- 
son, the flat bones have a radiated 
structure. (Fig. 1.) 

The outside of the body of the 
long bones is very dense and com- 
pact ; but, at a very little distance, 
the structure becomes porous, and 
the pores increase in size as they 
are situated further from the sur- Exhibiting the radiaUon of th« 
face. Finally, the centre is hollow. *** *'**'**■• 

bones would, probably, become equally brittle during life if, by any 
Tital process they were as fully deprived of animal matter. 

If a bone be placed in dilute muriatic acid, the acid will, in a few 
days, combine with and dissolve the earthy part of the bone, and 
leave the animal part, which will have the exact form and size of the 
bone, but will be flexible like India rubber. 

place in old age 1 8. What classification of the bones is made depending upon 
their fornif? 9. How are the fibrous and radiated structures produced? Where 
is the structure most compact ? What is the stractnre of the central portion 
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^ig* 2 The hollows of the bones are filled with mar« 

row, and the cavities of the porou/r portions are 
also filled with a fatty substance resemblii^ 
marrow. By this arrangement, nearly as great 
strength is secured as would be if the whole 
werQ a maaa .of. contact bone, while the weight 
is not more than half that of solid bone. 

The extremities of the long bones, also, have 
the porous structures, and are much larger than 
the middle. portions, in order to give strength to 
the joints by presenting large articular surfaces. 
The substance of the boAs is everywhere 
(except in the teeth) traversed by blood-vessels, 
absorbents and nerves, so that thes6 solid parts 
are still living parts, and are continually undergo- 
ing the processes of removal and renewal, like 
the other parts of the body/ It is by means of 
these traversing organs that the bones are able 
to unite when they have been fractured, or to 
be repaired when they have been injured by 
disease. 

10. The blood always contains, in solution, 
a small amount of osseous matter, and both the 
formation and growth of bones take place by the deposition of 




Seetion of the thigh 
bone, aa The ex> 
tremities, show- 
iitg the iponiicy 
texture, hb The 
exterior of the bo> 
dy, of very dense 
bone, e The hol- 
low of the bone, 
filled with mar- 
row. 



It follows, that children should not, before the bones haye acquired 
their strength, be subjected to the severer kinds of labor, such as re . 
quire great firmness of frame. They should not be required to lift 
great weights, nor carry heavy burdens ; nor should they be confined 
for a long time, to any one position. The restlessness of ehil 
dren is natural, and is designed to prevent the distortions of body 
which would be likely to result from .a child's mai^itaining habitually 
the same position, when the bones are so yielding as to allow of their 

^ the bones 7 Of the extremities 7 Why are the extremities of the bones 
•nlarged 7 With what are the cavities of the bones filled, and for what pni^ 
pose 7 What other organs are found penetrating the bones, and for what purpose 1 
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ON THE BONES. 15 

these particles of bone. Tbe bones increase in diameter by the 
deposition of layers of bone upon the outside, similar to the sue- 
readily ta^ng any form wliioh a constrained position would tend to 
give. 

Children at school often rest the dlbows upon the table, and allow 
the head and chest to fall forward ; they thus become ronnd-shonld- 
ered. Others acquire the habit of lounging, or of resting one elbow 
in such .a way as to give a fateral curyature to the spine. The feeling 
of lassitude and weariness, which rapi^ growth is likely to induce, 
may encourage these and other objeotionalde positions which are liable 
to result in permanent deformity. The upright erect position may be 
recommended as preferable, so far as it cod. be practised ; and yet this 
effort should not be carried too far, for, in the first place, to carry 
the head and shoulders too far back is as unnatural and as much a 
deformity as the opposite error ; and, secondly, the most natural erect 
position will become injurious if persisted in to weariness. A large 
amount of exercise, and the frequent Changes of position thus secured, 
are the best safeguards against all the deformities which are likely to 
be contracted in childhood. 

B It will hereafter be shown that, by the processes of life, the soft 
parts are constantly undergoing remoyaf and renewal Portions of 
every muscle, for instance, are every moment undergoing chemical 
change, losing their vitality, and requiring removal from the system. 
At the same time, there is a renewal, by the deposition of new muscu- 
lar fibre, from the blood. These changes are essential to the continu- 
ance of life. It was discovered accidentally that the same changes 
take place in the bones. A dyer threw to some domestic animals mad- 
der from which most of the coloring matter had been extracted. 
Some of the coloring matter, however, remained, and upon killing the 
animals which had fed upon it, the bones were found to be tinged with 
it. Hence, there must have been a deposition of the coloring matter 
in the substance of the bone. By varying the experiment, feeding 
with madder, and then, for some time before killing, withholding it, the 
bones were found of the ordinary color ; thus proving that the color- 
ing matter which was at first deposited had been absorbed and 
removed. 



10. How is the o8S«ouf matter for the growth of the bonei mppUed 7 How d9 
^hey increaM in diameter 1 Why can they not inerea*« in length in the lame way t 
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Fig. 8. 




Bone of the ann. 
11 Body of the 
bone. 3 2 The 

extremitiei 
(epiphyses), a 
a Layers of 
cartilage, by 
which the bo- 
dy and epiphy- 
ses are con- 
nected. ^ 

of the head, 
of the lower 



cessive rings of growth in a tree* ; but their in» 
crease in length is by a different process. The 
ends of a bone are so much larger than the middle, 
and so different in shape, that the bone would be 
deformed if its elongation took place by deposition 
upon the ends. There is therefore a special 
provision for growth in this direction. A long* 
bone has, at least, three centres of ossification : 
one for the formation of each extremity^ and 
one for the formation of the body of the bone. 
So long as the bones are. capable of elongating, 
the extremities of ihe |^ne are always separated 
from the body of it by $»ctiwis of cartilage, as at 
a ay fig. 3, and the' bote increases in length by 
the deposition of Jbone at the ends of the body, 
thus pushing the extremities farther from each 
other. As soon as the body, has fully acquired 
its growth, this section of cartilage becomes ossi- 
fied.^ ^ 

11. A dense, tough membrane, c^ed the 
periosteum^ (bone envelope,) surrounds the bones, 
except at their extremities. It serves to pro- 
tect the bone, to supply it with its nerves and 
blood-vessels, and is the means by which the liga- 
ments, tendons and muscles are attached.^ 

The bones are divided into four classes : those 
those of the trunk, and those of the upper and 
extremities. 



The experiment in the preceding note was yaried by feeding an 
animal that was growing rapidly with madder, for a few days, and 
then withholding it. The bone which was formed while the blood wa« 
charged with the coloring substance, would be more highly tinged 

How do they increase in length 1 How long Ac the body and extremities of w 
bone continue nnsolidified 7 11. What is the periosteum 7 What purposes doM if 
•erre 7 Into what four clasies are the bonei divided 7 
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Section II. — ^ones of the Hiid, 

The bones of the head include those of the 'cranium and 
those of the fape. 
I. Bones of the cramum, 

12. The bones of the cranium are composed of external and 
internal plates, and an intervening porous portion, answermg ^to 
the hollow and the porous structure in the long bones, called 
the diploS. The external plate has the toughness and hardness 
of ordinary bone ; the internal, called the vitreous plate, is 
much harder. The bones of the cranium are eight in number. 

13. The frontal hom (1, fig. 6 ; 1, 1, fig. 7) occupies the 

than the bone previously formed would become by deposition of color- 
ing matter into the interstices. The bones of the animal were found 
upon examination, to consist of conisentric laminae of more highly and 
less highly colored bone, showing that the bone was formed by succes- 
sive depoe^ions upon the outside. 

7 If too much or too severe labor be required of an individual while 
these cartilages remain, and the body is forming, nature attempts to 
secure the system against injury by a more rapid ossification of them 
th&n would otherwise take place. . Thus they may become bone before 
the body has acquired its full development But it is impossible that 
any further gr-owth of body should take place, and a dwarfed stature 
is the result. There are, however, other causes of such a stature. It 
may result from too little exercise in early life, «r frott ^sease, or it 
may be hereditary. 

8 This membraue, though bfdiu^ily possessing but little sensibility, 
is sometimes subj>ect to inflammation, when it becomes intensely pain- 
fol. The felom and fever sore are diseases originating in this mem- 
brane. Disease seldom attacks the bones directly; but it may b« 
oommunicated to them either from the periosteum, or from the invest- 
ing cartilage where this membrane is wanting, as in the joints. ^ ^^ 

Section If.— What do the boiils of the head include ? Name the bonei of the 
es^inm. 13. Of what thn^ parts do the cranial bones consist? Describe each 
ptfrt. IS. What is the situa ion of the frontal bone 7 How are the firontail sinusea 
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FRONT VIEW OF THK 8KELET0K. 




Fig. 4. 

The Skeleton oonsiats of 201 
bones. In this enumeration 
the teeth, the hyoid bone, and 
the bones of the ear are not 
inolnded. Certain bones in 
the sntnres of the head, and 
in some of the joints, which, 
thongh generally present, are 
not regarded as essential parts 
of the framework, are > also 
omitted. 

NAMES AND CLASSmCATlON 
OF THE BONES. 

1. Th« frontal bone, . . 1 

S. The parietal ]K>n^ . 3 

t. The occipital bone, . 1 

4. The temporal bones, . 3 

The iphenoid bone, . 1 ^ 

2 

The ethmoid bone, . 1 - 



0. The naial bonei^ . . 3 

The lachrymiA bonei, 3 

0. The upper mazillarj 

bones, 3 

▼. The malar bones, . . 3 

The palatine bones, . 3 

The lower spongy 

bones, S 

TheTomer, .... 1 

8. The lower maaifllsry 

bone V 1 
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Fig. 6. 

t. The Tertebrw, . 34 

to. The sternum, . 8 

11. The ribs,. . .34 

13. The osia inno- 
minftta, ... 3 

13. The aaeram, . 1 

14. The coccyx, . 1 



16. The acapnia, 

18. The clavicle, , 

17. The humerus, 
.8. The ulna, . 

19. The radius, 

30. The carpal 
bones, . . 



31. The metacarpal 
bones, ... 10 

33. The phalanges, 38 



38. Thefomur, 

34. The tibia, ~ 

35. The fibula, 



38. The patella, . . 2 

37. The tarsal bones, 14 

38. The metatarsal 

bones, ... 10 

99. Tlie phalanges 38 




i 
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region of the forehead, and extends from the top of the nead 
forward to the eyes and nose, and laterally about half way to 
the ears. On the forehead, the two plates of the bone are con 
siderably separated from each other, leaving the cavities above 
the eyes called the frontal sinuses. The external plate termin- 
ates at the ridge upon which the eyebrows are situated, whilo 
the internal plate turns backward, forming the upper part of the 
orbit of the eye. This is the orbital plate of the frontal bone, 
and becomes the floor upon which the front lobe of the brain 

rests. 

Fig. 6. 

[The Author is indebted for thii illustration, and for Fig. 91, to Dr. T. S. Lambcrtl 




Bones of the Cranium, separated. 1 The Frontal bone. 2 The Parietal Bone. 3 
Occ jpital bone. 4 The Temporal bone. 6 The Nasal bone. 6 The Malar bone. 

14. The parietal hones (2, fig. 6) are two square, smooth 

formed ? Of what does the orbital platj consist, and how is it situated 1 ,* 14. De 
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bones, situated directly back of the frontal bone, united together 
at the top of the head, and forming the highest and the lateral 
portions of the cranium. 

15. The occipital bone (fig. 8 ; also 3, fig. 6) forms, as the 
name indicates, the back part of the cranium, as well as the 
floor on which the posterior part of the brain rests. In the base 
of the bone b a large aperture, the magnum foramen, through 
which the spinal marrow is connected with the brain. On the 
under margin of this foramen are two prominences, called con^ 
dyles (button-shaped elevations,), which contribute to form the 
joint between the head and spine. There is a small aperture 
in the occipital bone, above each condyle, called the condyloid 
forameny which transmits one of the cranial nerves. 

16. The temporal hones (4, fig. 6) are two irregularly 
shaped bones reaching downwards from the parietal so far as 
to contain the cavity of the ear, then inwards to within an inch 
of each other. . Above the ear they are very thin. The por- 
tion which forms part of the base of the cranium, and within 
which the principal parts of the organ of hearing are situated, 
is called the petrous (stone-like) portion, and is very thick and 
hard. 

They have three well marked processes : the mastoid proeess 
(1, fig. 9,) situated just back of the ear; the styloid process 
(2,) a long, slender projection, near the mastoid, reaching down 
the side of the neck ; and the zygomatic process (3), which 
rises forward of the ear, passes over the temporal muscle (4), 
and connects with another process of the same name f^om the 
cheek-bone. Between the styloid and mastoid processes is a 
small opening in the bone (9), called the stylo-mastoid forameuj 
and the large fissure between the temporal and occipital bones is 
the 'posierioT foramen lacerum, 

sQribe the parietal bones. Why are they called parietal ? 16. What is the mean 
ing of occipital 1 How is the occipital bone situated 1 What foramina (i^ural of 
foramen) are found in it ? Describe their situation and use. VThere and for what 
pnrpos* tre the condyles 1 16. Describe the temporal bone. Its processes. Iti 
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17. The sphenoid hone. (Fig. 10.) This is a bone of a rery 
in-egular shape, and has, with some degree of propriety, been com- 
pared to a bat with its wings extended. The body ( 1 ) is situ- 
ated in the centre of the base of the cranium. Large processes 
(2,2), called the great wings ^ extend up so far as to articulate 
(at 3, 3) with the frontal bone. There are two pterygoid processes 
(4, 4) on each side, reaching downward from the body of the 
bone, and situated directly back of the throat. They support the 
the pharynx, and give attachment to several muscles of the neck. 
The superior foramen lacerum is a long slit situated in front of 
the body of this bone, and behind the orbit of the eye. We 
also find in this bone the* opticy the round^ and the oval 
foramina. 



Fig. 7. 



Fig. 8. 




Hie Cranium as geen from abore. ], 1 
The Coronal Suture. 3 The Sagit- 
tal Suture. 3, 3 The Lambdoidal Su- 
ture. 



The Occipital bone. 1 The vertical portion, 
forming the back part of the Cranium. 
% 2 The horizontal portion, on which the 
back part of the brain rests. 3 The Mag- 
num Foramen. 4 The ridge on the inlier 
side of the bone, to which the Falx Cere- 
belli is attached. 5, 6 The ridge to which 
Tentorium is attached. 



18. The ethmoid (sieve-like) bone has a nearly cubical form, 

ibrftminA, 17. Describe the sphenoid bone. What foramina does It contain T 18 
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and IS situated between the orbits of the eyes, directly in front 
of the body of the sphenoid bone. The upper plate is riddled 
with holes, which give passage to the branches of the olfactory 
nerves, and the lower portion is cellular, reaches down into the 
nose, and is an important part of the organ of smell. 

19. The cranium, consisting of the eight bones which have 
now been described, has an ovoid form, flattened at the sides, 
and with the larger extremity backward. (Fig. 7.) In the 
base there are on each side three depressions, called the ante- 
rior, middle, and •postenor fossa, 

r- 20. The head of an adult person seems to consist of but one 
bone. In early life, however, the eight bones are not only dis- 
tiDot, but they are separated by a considerable width of carti- 
lage (as seen, though with some exaggeration, in %. 6.) The 
portion of cartilage which covers the soft spot on the top of 
the child's head, remains unossified for several years.^ This 
intervening cartilage, like that which separates the body and 
epiphyses of the long bones, is designed to provide for the 
growth of the cranium, as the enclosed brain requires increase 
of size, t When the growth of the brain is completed, the rag- 
ged edges of the contiguous bones nearly touch, and the pro- 
jecting fibres interlock (as represented in fig. 7.) in such a way 
as to make an immovable and very firm joint, called a suture. 
Yet the bones do not then come into actual contact ; there is 
still an interposed layer of cartilage till after the meridian of 
life, when the cartilage begins to ossify, and the several bones 
of the cranium are at length consolidated into one. The eoro-' 
nal suture (1,1) separates the parietal bones from the frontal 
bone ; the lambdoidal suture (3, 3) separates the parietal bones 
from the occipital bone. The sagittal suture (2) separates the 
parietal bones. The squamous sutv/res separate each temporal 
bone from the adjacent parietal bone.' 

Describe the ethmoid bone. 19. What it the form of the cranium ? Describe tht 
b»M. 30. What is a suture 7 Whj are not the bones joined firmly together io 
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21. Various parts of the system are designed, more or less 
directly, to protect the brain ; but the cranium has this as its 
special object. The brain is a soft yielding mass, and would bo 

Fig. ft 




I The Mastoid Process. 3 The Styloid Process. 8 The Zygfomttie Process. 4. 
The Tempoml Muscle, passing under the Zygomatic Process, and inserted into 
the Coronoid Process, 6, of the lower maxillarv bone, 6. 7 The Condyloid Pro- 
cess of the lower maxillary. 8 The Ear. 9 The Stylo-mastoid Foramen. 

* There are seyeral other sutures in the cranium, but they are not 
easily described without a skeleton. 

The coronal suture is so named ** from being near the part upon 
which the victor's crown (corona) was placed, in the games of the 
ancients ;** the lambdoidal, from its resemblance in form to the Greek 
letter Lambda ; the " sagittal, from its direction backwards, straight 
as a dart " (sagitta, an arrow) ; the squamous (squama, a scale)* 
from the scale-like oyerlapping of the temporal upon the parietal 
bene. 

early life I When do the stitures become obliterated ? Name the principal ntarei 
and give their potitiOQ 31. Name the four ways in which the craniom proteoti 
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easily broken down and destroyed if it were not well protected. 
The substance of which the cranium consists, ftimishes, by its 
hardness, a better protection than any other tissue would. The 
back of the head is most exposed to injury, either from acci- 
dent or from malicious design, and, accordingly, the cranium 
has here the greatest thickness, while the sides of the head, 
which, in consequence of the position of the arms and shoulders, 
could scarcely receive any injury, are so thin as to be almost 
transparent. The arched form of the head enables it to resist 
the effect of blows more successfully than any other form. 
Pressure upon the top of the head wquld cause it to yi«ld first 
at the sides, and this is prevented by the temporal bones, com- 
mg up outside of the parietal, forming the squamous suture. 

Fig. 10. 




The Sphenoid bone. 1 The body. 2, 3 The wings. 4, 4 The Pterygoid Processea 
6, 6 The superior Foramen Lacerum. 

But violent jars and concussions are more likely to be perma- 
nently injurious than wounding the brain, or even removing por- 
tions of it. The cranium is well fitted to furnish protection in 
this respect also. ' It is covered with hair, with the general in- 
tegument of the body, with muscles over a portion of its sur- 
face, and with the periosteum, through all of which the violence 

the brain against wounds. In what other way may the brain be injured ? How 
are concussions absorbed before reaching the bone ? How in passing through the 
bo&e 7 How is their continuance around the head prevented 7 How many bcnes 
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of concussions must extend before the outer plat^ of the cra- 
, niuin is reached. Then, between the external and internal 
plates, is interposed an elastic cushioYi, the diploe, by which 
concussions upon the outer plate will be partially absorbed 
before reaching the inner plate. Vibrations ^communicated to 
any one bone are prevented from continuing around the head 
by the cartilages interposed at the sutures. ^° 

//. Bones of the face. 

The face is composed of fourteen bones, two of which are 
single, the other twelve are in pairs. 

Fig. 11. 



A vertical section of the bones of the face a little forward of the ears. I, 1 Lower 
spongy bones. 2, 2 The middle spongy bones. 3, 3 Superior spongy bones. 4 
Antrum Maxilla re. 

22. The nasal hones (5, fig. 6.) form^ihe upper part of the 
nose, and articulate with the frontal and upper maxillary 
bones. * 

23. The lachrymal hones (8, fig. 6.) are situated in the 

»o The cranium presentsr a fine instance of the adaptation of the sys- 
Xem to the circumstances in which it is placed at the different periods 
of life. 

In early inftincy, the cartilages are so wide and flexible that the 
form of the head may be considerably changed without injtiry, a fact 
upon which, at certain crises, the continuance of life often depends 

compose the face ? 33. Describe the nasal bone. 23. The lachrymal bone 7 Why 
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orbits of the eyes, near the internal angle. They contain 
grooves for the passage of the lachrymal ducts, from which the 
bones receive their name. 

24. The upper maxiUary hoties (7, fig. 6.) form a large part 
of the mouth and face. They enclose the large space on each 
side between the orbit of the eye and the roof of the mouth 
(4,4, fig. 11), called the a/rUrum maxiUare, These bones have 
several processes. The nasal process parses up along the side 
of the nose to the frontal bone ; the orbital process forms the 
base of the orbit of the eye ; the malar process articulates with 
the malar bone ; the palatine process forms the fore part of the 

Children are constantly receiving fsMfi, blows and thumps, in conse- 
quence of the incautiousness and recklessness natural to that period^ 
of life, which would be unsafe at a later period, but which seldom 
injure the brain, because the cranium is yet in so yielding a state as 
to absorb the motions which they impart. But while nature has thus 
interposed to protect the child, in a great measure, from the evils 
which his inconsiderateness would otherwise bring upon him, there is 
still a certain amount of care required on his part. The various 
plays, such as ball, goal, &c., which combine amusement and exercise, 
are therefore greatly preferable to tricks^ iumersets, wrestling, &c. 

In manhood, the cranium remains in part cartilaginous, not so much 
so as to unfit one for the vigorous activities of life, and yet so far so 
as to interpose something of security against accidents. This security 
is much less, however, than it was in childhood ; because a greater 
degree of carefulness and forethought has rendered such security less 
necessary. 

In advanced life, the cartilages all become ossified; but at this 
period of life, also, severer labors are laid aside, and cautiousness of 
character begins to predominate, so that the brain needs few&f safe 
guards. 

This is probably a reason why aged persons are often so averse to 
noise, to the prattle of children, &c. It may be peevishness, second 
childhood. It may, often probably does, arise from those phj^sical 
changes in the structure of the craniiim, by which the brain is afiect- 
ed sensibly, perhaps paijifuUy, by the vibrations of the air. 

U it fo named ? 34. Describe the upper maxillary bone. Where *m the antrum 
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roof of the mouth ; the alveolar process is the projection in 
which the teeth are imbedded. 

25. The m(da/r hones ^6, fig. 6) are the large square bones 
which form the prominences of the cheeks ; they also form part 
of the orbit of the eye. 

26. The palatine hones form the back part of the roof of 
the mouth. Processes extend up from these bones into the 
nose, and form part of the organ of smelling. 

27. The lower ^ongy hofies (1, 1, fig. 11) consist each of a 
very thin plate, which lies rolled up, and is attached to the side 
of the antrum maxillare. 

Fig. 12. 




' a . 

The Lower Jaw. d The Condyloid Process, e The Coronoid Froccflf. 

28. The vomer is the thin flat bone that divides the nostrils 
from each other. 

29. The 'ewer maxillary hone (9, fig. 6) forms the lower 
jaw. It has tiiree processes : the alveolar profcess, in which the 
teeth are set; the coronoid process, which is the sharp point at 
the extremity of the bone (e, fig. 12) for the insertion of the 

mazillftre lituated ? Name and describe the five processes of this bone. Sfi. The 
malar bone. 36. The palatine bone. 37. The lowsr spongy hone. 38. The vomer 
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temporal muscle ; and the condyloid process (d) , by which tiie 
lower jaw articulates with the temporal bone. 

30. There ia one other bone, the os ^ig. 13. 

kyoidts (fig. 13,) which, though not one 
of the bones of the face, may be described 
with them. The front part of this bone, 
{a) , called the body, is at the root of the 
tongue. The two processes (&), called 
its comua, reach back on the sides of the 
tubes which communicate with the stom- ^^ gy^,. ^ ^^^^ ^ ^^^^ 
ach and lungs. This bone is the centre ^"^^^ ixhocornua. 
of all the motions of the^hroat and tongue. 




Section III. — Boms of the Trunk 

They are the bones of the Bpine, of the thorax, and of the 
pelvis. 

I. Boms of the spim. 
' 31. The spim (fig. 14) is a nearly vertical column, con- 
sisting of the sacrum (4, 5,) as its base, upon which are piled 
twenty-four bones, called vertebrae, and below which is the 
small terminal bone, (5, 6,) called the coccyx. The seven 
highest vertebras (from 1 to 2) are in the neck, and are 
hence call^ cervical vertebrae ; twelve are in the back, (from 
2 to 3), and are called dorsal vertebrae; and the remaining 
five, (from 3 to 4,) are in the loins, and are called lumbar 
vertebrae. 

39. The lower maxillary tone. Describe its processes. 80. What other bone is 
described ? How is it situated, and what is its use ? 

SrcTiorr III.~How are the bones of the trunk divided ? 3i. Describe the Spine. 
Into what three classes are the rertebrsB divided and how is each class situated 1 
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32. A vertebra (fig. 16) is composed of a'body and seven 
processes. The body {a) is the front part of the vertebra, of 
cylindrical form, and of spongy texture, having its upper and 
lower bases nearly flat, and composed of more solid bone. The 
processes are situated on the back part of the body of the ver- 
tebra. There are four oblique processes, {h b^* (sometimes 
failed articulating processes,) one above and oiie below, on eftcK 
side. The transverse processes, (d d^) one on each side, pro- 
ject laterally from between the oblique processes. The spinous 
process (e) projects from the middle of the bone backward. 




Fig. 16 




1 The body of a cervical verte- 
bra. 2 The canal. 3, 3 The ob- 
lique processes. 4 The spinous 
iTThe body of a Vertebra, e The spinous' process with its cleft extremity. 
process, d d The transverse processes. 
b b The oblique processes. / The spinal 
canal. 

33. The vertebrae, in different parts of the spinal column, 
present great differences of form. The bodies of the cervi* 
cal vertebrae (fig. 16) are small, and so articulated as to allow 
great freedom of motion. The atlas (fig. 17) is the first cer- 
vical vertebra. There are two faces (.'' b) on the upper side, 

32. Of what is a vertebra composed 1 Describe the body of a vertebra. SVhera 
are the processes situated ? How many kinds are there ? Give the positiou of the 
>blique ^ the transverse ; the sphious. 33. What is the peculiarity of the cervical 
portion of the spine 7 Describe the atlas ; the axis. What is the peculiarity of -^e 
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adapted to the condyles of the occipital bone of the oranium ; 
these constitute the joint which allows the vertical, nodding 
motion of the head. The processes, with the exception of the 
transverse, are scarcely developed. It has, properly, no body,; 




Fig. 18. 



Tlie Atlai. b b The depressions for 
receiving the condyles of the oc« 
cipital bone, e c The transverse 
processes. Between/ and /is a 
strong ligament by which the 
dent^tus is prevented from press* 
ing upon the spinal cord. 




The Axis, a The dentatas, a pro- 
longation of the body upwards 
through the hole g, in the Atlas, 
fig* 17. 



but, in its place, there is a hole (g) — or, rather, an enlsu'ge- 
ment of the spinal canal, and separated from it by a strong lig- 
ament — ^for the reception of a process from the next vertebra 
below. 

The second vertebra of the neck is called the axis. The 
body of this vertebra is prolonged upward, into a tooth-like 
projection, .(a, fig. 18,) called the dentatus, which is fitted 
to the corresponding opening {g) in the atlas, and becomes 
the pivot on which the horizontal motions of the head are per- 
formed. 

The dorsal vertebras (fig. 19) are larger than the cervical, 
and the oblique processes are so arranged as to allow of but 
little motion in this part of the spine. The spinous processes 
also, which are very long, project downward upon the next ver- 

dorsal portioc ? What of the lumbar vertebra What is the arrangement of,thtt 
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tebwe, 80 as to bind them together, and limit their motions .o a 
very small amount. 

Fig 19. 





A Dorsal Vertebra, 2 The 

body. 7, 7 The notches to form 
the intervertebral foramina. 3 
The spinous process, very long 
and yerj much inclined. 



A Lumbar Vertebra, a The body, b The 
spinous process, c c The articulating (ob- 
lique) processes, d d The intervertebral 
notches. 



The lumbar vertebrae (fig. 20) are the largest in the spine. 
The upper oblique processes (c) form two pillars, between 
whichfkre fitted so deeply the lower oblique processes from the 
next vertebra above, that dislocation is impossible without vio- 
lence sufficient to break the processes. In this part, the spine, 
which has to support most of the weight of the body, is not 
assisted by any other part of the skeleton, and very freQ motion 
being required, every possible means is resorted to, to increase 
its strength, by increasing the size of the vertebrae, by binding 
them together with ligaments, by interlocking their oblique 
processes, and by attaching muscles, which act as stay-ropes, to 
the projecting spinous and transverse processes. Still, this is 
the least protected part of the spine, and most frequently suf- 
fers injury. 

34. The faces of the adjacent vertebrae do not come into 

oblique processes of the lumbar vertebre ? Why is any special protection necessary 
in this part of the spine T\ In what does this protection consist ? What part of the 
■pine is most liable to injury 7 84. By what are the vertebm separated 7 85. How 
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actual contact, but are separated by the interventicii of an* ela» 
tic substance (2, fig. 21) resembling cartilage, 

35. The notches in the vertebrae, as seen at 7, fig 19, form 
when the vertebraB are placed together, the openings, as seen 
at 1, fig. 21, called the intervertebral foramina^ through which 
the spinal nerves pass out from the spinal cord. 

36. The processes are so arranged that a tube (/, fig. 15) 
passes through each vertebra, and as the bones are placed one 
upon another, these tubes become continuous through the spinal 
column, and form the sfirud eanalj (c d^ fig. 14,) in which the 
spinal cord is lodged. 

37. The spine serves several distinct purposes. In the first 
place, it is the fAmework, the axis of support of the trunk," 



Fig. 21. 



Fig. 22. 
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Fig. 21 Tw-o Vertebrc. 8 8. 2 The intervertebral substance between them. 1 The 
interyertebral foramen. Fig. 22. Two vfertebra, with the form of the interven* 
ing cartilage produced by bending the spine. 

" It should not, howerer, be considered that the support which the 
head and trunk require is derived "wholly from the firmness of the 
Bpine. The spine follows the back side of the trunk, and on the front 
gfde there is a succession cf muscles from the neck to the pelvis. As 
the spine would prevent an undue bending of the trunk forward, so 



are the intervertebral foramina formed ? What is their use 7 36. How is the spi 
Dal canal formed ? What is its object ? 87. What is the first purpose which jh» 



Digi 



tizedbyUOOgle 



BONES OF THE TRUNK. 35 

For this purp<28e, great finnness is reqiiired, the general provi- 
sions for which have been referred to in describing the lumbar 
vertebrae. 

In the second place, it must be so constructed as to allow 
great freedom of motion. The provision for bending the body 
backward, forward, and to either side, consists in the elasticity 
of the intervertebral cartilages. Each cartilage is firmly at- 
tached to the faces of the vertebrae between which it is placed, 
60 that motion ( excepting in the upper two joints) is not per- 
formed by the surfaces sliding upon each other, but by the com- 
pression of the cartilage on the side (2, fig. 22) towards which 
the flexion is made, and the slight thickening (1) of the same 
cartilage on the opposite side. The number of the joints is so 
great that the necessary flexibility rs secured, while only a 
slight motion at any one joint is required. When the body is 
turned horizontally, without changing the position of the pelvis, 
the motion is performed by a slight twisting of the cartilages ; 
but this kind of motion is very ^limited. ^^ 

these muscles will not so far yield as to allow of an undue bending of 
the trunk backward. 

Moreover, as the whole space within the walls of tlie chest and abdo- 
men is always filled, the trunk is, to a considera:ble extent, self-sup- 
porting; upon the same principle that a bag filled with grain will 
stand erect, and support heavy weights in addition, though neither the 
grain alone, nor the cloth alone, would retain such, a position. 

^ There is an obvious tendency of the cartilages to resume their 
natural form when they have been pressed out of it ; but they do not 
do it at once. A person's height is diminished during the day by 
continuous pressure upon the cartilages. It is recovered, however, 
during the night. But if they be thus pressed habitually, they do not 
readily react ; and there is danger that they will at length cease to 
react at all. A constrained position thus habitually assumed is liable 

rertebrai column serves ? What is the second ? How are the motions of flexion 
performed ? How is horizontal motion oerformed 1 What is the third object o£ 
the spinal column? What are the L'jinilities to be provided against 7 What ii 
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In the third place, it must be so constructed as to funyish a 
passage for the spinal cord, which shall secure it agaij^t in- 
jury both from without and from the motions of the spine. So 
large a proportion of the spine consists of bone, that the walla 
of the canal will resist any compression to which it is ever 
iable. The flexibility of the spine, and the toughness of the 



Fig. 28. 



Fig. 24. 





Distorted Spine produc- 
««. by habitual elevation 
of one shoulder. 



1, 1 Two vertebrae. 3, 3 The corres 
ponding spinons processes. 3 The in 
tervertebral cartilage. 



to produce a permanently distorted spine Persons engaged in anj 
employment wliieh requires the spine to be thus bent, should assume 
the erect or opposite position as frequently as possible. 

Persons often raise one shoulder (generally the right shoulder) 
habitually higher than the other. The active employments of life 
often require it. Children, at school, if the tables are too high, will 
sit with Die side at the table, and one arm elevated upon it. This 
position may be rendered necessary by the employment chosen ; but 
more frequently it becomes unnecessarily fixed^as a habit, through 
inattention. A permanent inequality of the shoulders is thus pro- 
duced, the spine becomes bent (fig. 23) to adapt it to this position of 
the shoulders, and a corresponding chaifge in the position of the inter- 
nal organs, often leading to disease, will follow. Special attention is 
directed to this deformity, because it is contracted by a large propor- 
tion of persons who have reached mature life. And ycung persons, 
by careful attention will be able to correct the tendency to it. 
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cartilages, render it much more secure against fracture than it 
would be if it consisted of solid bone. The only danger, then, 
•to which the spinal cord could be exposed, must arise 
from the bending of the spine. The security here consists in 
that part of the canal which is formed of cartilage (2, fig. 24) 
being larger than that formed by the bodies of the vertebraB 
(1, 1). Compression of the cartilages may cause them to 
bulge out beyond their natural position ; but it will not be to 
such a. degree as to make those portions of the canal smaller 
than the portions which are formed of bone. 

In the fourth place, the spinal column aflfords considerable 
^otection to the brain against the concussions which it would 
receive, if the head were connected with the lower extremities 
by an axis of solid bone. The jar occasioned by walking, and 
by many active employments, as wqU as the more violent con- 
cussions occasioned by accidents, by running, jumping, leaping 
from great heights, &c., are, to a considerable extent, absorbed 
by the compression of the intervening cartilages. ^But another 
and very important security against injury from these sources, 
is the curvatures of the spine. By recurring to %. 14, it will 
be seen that there is a forward curve in the loins, and one in 
the neck, and these being the most flexible parts of the spine, 
easily allow ajoi increased bending for a moment, whenever 
any of these concussions occur. Such bending would not take 
place in a straight column, and whatever force is necessary to 
produce it, would, without those curvatures, be so much addi- 
tional concussion upon the brain. 

II. Bones of the thorax! (fig. 25.) 

They are the sternum and the ribs. 
. 38. The sternum (fig. 26) is the flat bone situated on the 
front side of the thorax. It is aboijt eight inches in length, 

the security against compression of the spinal cord f What against fracture of 
the spinal column ? What against injury to the spinal cord, by the flexion of 
tha spinal column ? What is the fourth object of the spinal column ? What doet 
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and consists of three pieces, of which the lower one is cartila^ 
ginous, except in very old age. Its object is to provide for tha 

Fig. 26. 





The Thorax, b b The Spine, a The Sternum. „, „^ ^ 

The sternum. From c to f 
is the middle portion of 
bone. The apparent sepa. 
ration at d and e do not in* 
dicate separate bones. 

joining of the ribs, and to protect the cavity of the thorax from 
compression. 

39. The ribs (fig. 27) are the twenty-four slender bones 
which protect the sides of the thorax. They extend from the 
spine around the body toward the sternum,- and are lengthened 
out by cartilage to their sternal articulation. The upper seven 
on each side articulate with the ster]|;ium by separate cartilages, 
and are called true ribs. The remaining five have their carti- 

it protect the brain against ? How da >he cartilages furnish thib protection 9 Ho\i 
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lages united into one, and are called false ribs. Frequently, 

however, the lowest rib, and sometimes the lowest two ribs, are 

not connected to the sternum by cartilage^ and are called floa^ 

Fig. 27. 




One of the Riha. a Articulation with the vertebra, c Articulation 
with the Transverse Processes. 

ing ribs. The posterior end of each rib is fitted to a slight 
cavity in the corresponding vertebra, and is also attached by a 
distinct joint to the end of the corresponding transverse pro- 
cess. The ribs are considerably inclined, so that the anterior 
articulation is lower than the posterior. 

40. One objed of the bones of the thorax is the protection 
of the heart and lungs, the organs which tliey surround. 

But they have another object more indispensable, that of 
forming a cavity the size of which is not dependent upon the 
organs which it contains. The abdomen is another closed 
ca^ty, similar in many respects to the thorax, but being sur- 
rounded only by muscles and membranes, it enlarges and con- 
tracts as the organs within it are more or less distended. The 
thorax, on the contrary, having its general form determined 
by a framework of bone, cannot contract beyond a certain 
amount, however much the organs within may become reduced, 
and it is capable of enlargement independently of :he dimen- 
sions of the organs within. 

It is the power of enlarging and contracting this cavity at 

do the curvatures 7 38. Describe the sternum. What is its use 1 39. Describe 
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pleasure upon which the process of respiration depends.'* 
When it is enlarged the air enters the lungs, and they increase 
in size so as to keep the cavity filled. The effort to contract 
the thorax compels a portion of the air to escape. This ingress 
and egress of the air is respiration ; but there are important 
chemical changes effected by it which, as well as the muscular 
pparatus by which it is performed, will be explained in con- 
n ction with the description of the lungs.'* 

^3 It will be shown, in the chapter on the circulation, that the mo- 
tion of the blood in the veins is also in a great measure dependent 
upon these changes in the dimensions of the thorax. 

" This is not the proper place to consider fully the effects of certain 
habits of dress upon the function of respiration. There is no ques- 
tion but that the form may be to a great extent controMed by dress. 
The thorax, which, if allowed to take its natural form, would be 
represented by fig. 28, may, by compression, be so reduced as to be 
correctly represented by fig. 29 

Fig. 28. Fig. 29. 





A fully developed Chest. 



Chest contracted by compressioa. 



the ribs. How are tVe true atid false ribs distinguished ? 40- What are the 
objects of the bones of the thorax ? How d)es the caVity of tm thorax dliier fronr 
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III BoTus of the Felvis, The Pelvis is composed of the 
ossa innomiiiata, the sacrum, and the coccyx. 

41 . The sacrum and coccyx have before been referred to as 

And the effects of this compression upon health and the duration of 
life are necessarily considerable. The greatly reduced capacity of the 
chest, is itself of the nature of disease, and it contributes more per- 
haps than any other habit to invite other diseases, particularly those 
of a pulmonary character, but also the whole train of dyspeptic and 
nervous diseases. 

But the influence of habit is not easily counteracted by exhibiting 
its consequences. A slender waist is regarded as graceful, and so long 
as it is so regarded, it will be sought even at the expense of health. If 
a tat^te for more active employment could be cultivated, it would con- 
trol this fashion, by rendering so much compression unendurable. Let 
habits of productive industry be formed by those to whom the avails 
of it would not be a motive. Such habits are important, not simply 
from the possibility that they may come into requisition by reverses 
of fortune, but specially so, in consequence of the influence which 
• they would have in giving a proper development to the physical as 
well as mental and moral system. But,^ if these are to be discarded, 
the only substitute for them, so far as a healthy physical development 
is concerned, is to require a large amount of active out-of-door life, 
such as traveling, walking long distances in the open air, riding on 
horseback, &c. Such active habits, whether they be those of amuse- 
ment or of productive industry, require a large supply of air in res- 
piration, and it will be natural and almost necessary to adapt the dress 
to this demand. 

Still, since this habit of compressing the thorax prevails to such an 
extent, it is proper to remark that other habits of cultivated society, 
however objectionable they may be in themselves, are, to some extent, 
compensatory of the evils of tight dressing. The capacity of the tho- 
rax — that is, the amount of respiration, — which would be necessary 
in one state of society, would be altogether unnecessary in another 
The habits of women in the most refined society of the age when the 
Venus de Medici was the beau ideal of female form, were such as to 
require a much fuller development of the thorax than would be requir- 
ed by the habits prevailing in the corresponding ranks of society at 
the present time. A lady, whose severest employments ai« embroidery 

that of the abdomen ? Upon what does the process of respiration depend ? Of 
what is the pelvis composed f 41. Why are the sacrum and coccyx mentioned 
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forming the lower part of the spine. They also jonstituio the 
back part of the pelvis, (2 and 3, fi^;. 30.) 

Fig. 30. 




The Pelvis. 1 The ilium. 3 The sacrum. 8 The coccyx. 
4 The acetabulum 

42. The ossa innominata^ (bones without a name,) (fig. 30,) 
are two irregularly shaped bones, proceeding from the sacrum, 
one on each side and meeting in front. Each bone, from hav- 
ing been in the early stages of ossification, in three pieces, is 
generally spoken of as three bones, the ilium which is the up- 
per part, (1,) the ischium, which is the lower part, and the pu- 
bis which is the front part. 

and romanoe reading, requires but little air in respiration, and there^ . 
fore <ftily a small chest. 

Also', the different pursuits and conditions of men render the 
amount of air required very diflferent. An insufficient amount of 
clothing, exposure to severe and long continued cold, an'd the most ac* 
tive physical labor, require of the sailor, of the hunter, of the back 
woodsman, and even of the farmer and the laborer in many mechani 
cal employments, such a development of the thorax, and such an- 
amount of air in respiration, as would be not only unnecessary but 
hurtful to the laborer in the more sedentary mechanical employments, 
to the student, the clerk, the merchant, and the professional man. 

in this connexion ? 43. Describe the ossa innominata. Why haye the three parts 
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43. The pelvis famishes the vertical support for the abdo- 
minal viscera. It also gives support to the spine, and hence to 
the head and trunk. The pelvis furnishes the means of attach- 
ing the lower extremities. For this purpose, it contains a large 
socket on each side (4,4, fig. 30,) called the acetabulum. The 
ilium, ischium, and pubis, all unite at the centre of this socket 
and contribute to form it. 



Section IV. — Bones of the Upper ExtremitiBs, 

They are the scapula, clavicle, bones of the arm, fore arm 
and hand. 

44. The scapula, (fig. 31) is a broad, thin bone, of a tri- 
angular shape, and lies imbeded in the 
muscles of the back. Near its outer 
angle the bone becomes thick and ter- 
minates in a slightly concave surface, 
(1,1,) called the glenoid cavity. The 
coracoid process (2,) rises from the 
neck of this cavity, and projects over 
it in front. -The high ridge of bone 
(3,) on the back of the scapula, is 
called the spine of the scapula. It ter- 
minates in a process (4) called the ac- 
romion, (point of the shoulder.) which The Scapula. 1, 1 The glen 

/' Old cavity. 2 The coracoid pro- 

reaches beyond the glenoid cavity on the cess. 3 The spine of the scop 

,,., ^, , A,,,, ula. 4 The acromion. 

back side. The socket for the shoulder 

joint, is formed by the glenoid cavity, raised at its edges by car- 
tilage, and protected by the coracoid process and the acromion. 

distinct names 7 What are the three parts, and how are they situated ? 43. tVhat 
are th« three uses of the pelvis ? How does it furnish tiie means of attaching ths 
lower extremities ? 

Section IV.— Vi^hat ore the bones of the upper extremities t 44. Describe th« 
')icapnla ; th« glenoid cftvity ; the two processes of the scapula. How is t^e socket 
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The Clavicle, e, its articulation with 
the 8ternum.d,It8 articulation with the 
shoulder. 



Fig. 83. 



Fig. 34. 



The Humerus. 
i The Shaft. 3 
The head, fitted 
to the glenoid 
cavity. 5, 6 Ex- 
ternal and inter* 
nal coniyles. 



u 



Fig. 82. V 45. The davicky (fig. 32, 

seen also in fig. 25.) extendi 
from the upper extremity of the 
sternum, to the acromion of the 
scapula. Its use is 
to brace the scapula 

back, and prevent the shoulders 

from falling in towards each other, 

so as to restrict the motions of the 

arms.** 

46. The humerus (fig. 33,) 
extends from the- shoulder to the 
elbow. The upper extremity is re- 
ceived into the glenoids cavity to 
form the shoulder joint. The bone 
is nearly cylindrical except at the 
lower extremity where it is flat- 
tened;^ and the comers of it (5 
and 6), are the External and ^inter- 
nal condyles. Between these con- 
dyles on the front side is a depre- 
sion called th^-lesser sigmoid cavi-^ 
ty, and on the back side, directly* 
opposite, is a similar depression 
called the greater sigmoid cavity. 

47. The bones of the fore arm 
are the ulria^ (fig. 34,) and the 
radius. They reach from the el- 
bow to the wrist, and are nearlv 



The Ulnf * 
The sigmoid ca- 
vity. 6 The CO 
ronoid process, 
e The olecra 
non. 



's The clavicle is fully developed only in the human species, though 
.t is found in a rudimentary state in such other animals as the cat. 
squirrel, and monkey, which use the fore feet, to some extent, a9 

for the shoulder Joint formed 1 45. Describe the clavicle. What is its itse 7 44 
Describe the humerus. Describe the condyles and cavities of its lower extremUy 
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parallel. The upper extremity of the ulna, the point of the 
elbow (c) is the olecranon. A little lower on the front side of 
the ulna (b) ia the eoronoid process ^ and the sigmoid cavity of 
the ulna {a) is between these processes. This cavity receives 
the lower extremity of the humerus to form the elbow joint 
When the elbow is bent to a sharp pjg 3^ 
Fig. 35. angle, the eoronoid process falls into 
^ the lesser sigmoid cavity of the hume- 
rus and prevents any further flexion. 
In like manner, when the arm is 
straightened, the olecranon fits into 
the greater sigmoid cavity and checks 
the motion in that direction. 

The radius, (fig. 35,) at its upper 
extremity, has a small protuberance, 
(3, fig. 36,) which is fitted to a slight 
depression in the ulna. In the same 
way the ulna is attached at its lower 
extremity (4) to the radius. The 
ulna, in consequence of the hinge 
joint at the elbow, can have no roll- 
ing motion, but the radius in conse- 
quence of this double joint (3 and 4) 
IS capable of performmg nearly half am. 1 The uina. 9 
•f a revolution, and as the wrist is Thecondyies.which 

with the correspond- 
ing cavities, form the 
joint for the roUinff 
" ■ " id. 



The Radius, ^ot articulated with the ulna but 
with the radius, the rolling motion 



motion of the hand 



hands. In those animals which use the anterior extremities only as 
organs of locomotion, motion is required in only one direction. These 
extremities are in such animals brought near together, and the clavi- 
cle is therefore entirely wanting. 

47. What are the bonei of the fore arm ? How are they situated ? How is the 
sigmoid cavity of thd ulna formed, and what is its use 7 What are the processes 
above and below this cavity ? What limits the motions of the elbow joint forward^ 
How are they limited backward ! Describe the artioalitioni of the radius and 
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Fig. 87. 



of the radius carries the hand with it. The motions of pro« 
nation and supination of the hand, depend therefore upon thi? 
double articulation of the radius and ulna.^! 

48. Tht honts of the Hand, 
The wrist is formed of eight car- 
pal bones (1, 1 fig. 37"); the 
hand by five metacarpal bones 
(2, 2,) and the thumb and fin- 
gers by five bones in each of the 
first and second phalanxes (3, 3 
and 4, 4,) and four bones (6, 5,) 
in the third phalanx. 

49. In the structure and 
5 use of the superior extremities, 

there is a broad anatomical dis- 
tinction between man and the in- 
ferior ailimals. In all other ani- 
mals, they are designed to be 
used more or less, as organs of 
support and locomotion, and this 
use renders them less fitted for 
the special uses to which they are 
appropriated in man, that is, as organs of t<mch and prehension. 




The Hand. 1, 1 The carpal bones. 3, 
3 The metacarpal bones. 9, 3. 4, 4. 
6, 6 Phalanges. 



" The extent of motion of this'kind of which any person's hand i^ 
susceptible is easily determined by trial. Expose the fose arm, and 
hold the elbow so that there shall be no motion of the humerus, then 
see how far the hand can be made to rotate. In young persons it will 
often be three quarters of a reyolution ; but the utmost possible 
amount should not often be attempted. The moTement of the radius 
will be distinctly seen, though euToloped in muscle and integument. 

ulna. What is the object of this mode of articulation ? Why cannot the rolling 
motion of the hand be performed by the elbow joint 7 48. Describe the bones of the 
hand. 49 What distinction is mentioned between the anatomy of man and the 
inferior animals ? What are the uses to which the upper extremities, in man, are 
principally subsenrient 1 To what uses are the corresponding organs put in other 
•ntatalf ? Why must they be less peifect than in man as organs of prehension and 
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Their peculiar adaptation to these purposes consists in their 
length, in their slender form, in the freedom of motion of which 
they are capable at all the joints particularly those of the 
shoulders, in the extent of pronation and supination of the 
hand, in^^he degree or separateness given to the fingers, in the 
position of the thumb, which is directly opposed to the fingers, in the 
muscular power of the thumb, which nearly equals that of all 
the fingers, and in the great delicacy of the sense of feeling in 
the hand, and particularly at the ends of the fingers. ^ 



SeciioH V. — Bones of the Lower Extremities. 

These are the femur, the tibia, the fibula, the patella, and 
the bones of the foot. 

50. The femur (fig. 38) has, at its upper extremity, three 
well marked prominences. The first is the highest part of the 
shaft of the bone, (4) and is called the trochanter major. The 
next is the head of the femur (3). It sets off from the axis of 
the femur about three inches on a neck of bone, and terminates 
by a spherical surface which is received into the acetabulum to 
form the hip joint. The third eminence (2) is the trochanter 
minor, situated on the interior side of the femur below the neck. 
On the posterior face of this bone for about two thirds of its length, 
is a rough ridge called the linea aspera. The inferior extremi- 
ty of the femur presents a large articulating surface for the knee 
joint. This surface (7) is divided behind by a deep groove into 
two portions, called the external and internal condyles, (5 and 6.) 

couch ? They are adapted to these purposes in man by peculiarities in eight re* 
■pects ; what are they ? 
Skctiozt v.— What are the bones of the lower extremities ? 60. Desoribe th» 
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Fig. 38. 



Fig. 89. 



U 



51. The tibia B.nd fibula (fig. 39) are two parallel bones 
reaching from the knee to the ancle. The largest bone (1) is 
the tibia. Its upper extremi- 
ty presents a large surface for 
the articulation at the knee. 
The lower extremity articu- 
lates with the astragalus (the 
central bone of the ancle) to 
'^orm the ancle joint; and a 
process of the tibia (3) called 
the internal malleolus extends 
down the side of the astraga- 
lus to protect the joint. 

52. The fibula (5) arti- 
culates with the head of the 
tibia just below the knee joint, 
extends on thd outside of the 
leg to the ancle joint, and terr 
minates in the external malle- 
olus (2) at the side of the as- 
tragalus. 

53. The patella la a flat 
circular bone about two inches 
in diameter, situated in frqf^t 
of the knee joint, (fig. 40.). 
As the knee joint is one of the 
most exposed in the the sys- 
tem, this bone is placed over it to s^a-engthen 
it. An ordinary tendon passing over this joint 
would also be liable to frequent injury, and 
we may regard the patella as only an ossified 

portion of the tendon which transmits over the joint the mus- 



The Femur. 1 The 
shaft. 3 The tro- 
chanter minor. 3 
The head of the fe- 
mur. 4 The trochan- 
ter major. 6, 6 Ex- 
ternal and internal 
condyles. 7 The ar- 
ticulatinfc surface 
for the knee joint. 



1 The Tibia. A 
The Fibula. S, 8 
The external and 
internal malleo- 
lus. 4, 7 Articu* 
latlng surfaces. 



femur. 51. Describe the tibia. How is the ancle joint protected 7 63. Describe 
the fibula. 68. Describe the patella. What are its uses ? 64. Wliat are tho bones 
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cukr power by which 
the knee is straight- 
ened. 

54. Bm^ of the 
Foot. The ancle is 
formed by seven tarsal 
bones, (^, rf, fig. 41.) 
the foot, by five meta- 
tarsal bones, (a,) a^jd 
the toes, by five bones 
in each of the first and 
second phal^^nges, (ft, 
and c,) and four bones, 
(?»,) in the last phal- 
anx. 

65. Since the body, 
in man, is to ,be sup- 
ported on two extremi- 
ties, instead of four, as 
in other animals, it is 
necessary that the foot 



Fig. 40. 




The bones of the Lower Extremitiea. 
Fig. 41. 




of the foo.. c the metacarpal bones, ft, c, m, the phalanges. /, the astracalut 
/BT. the OS calcis. ^ * 
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should have certain peculiarities, fitting it for this office. Theso 
peculiarities are its length, the projection of the heel backward, 
and its articulation at right angles to the leg. 

Its adaptation to the required moticnsj those of walking, 
leaping, and running, consist principally in the great power of 
the muscle which is attached to the extremity of the heel, (the os 
calcis, 3. fig. 42,) the length of this bone as a lever, and the pow- 
er of varying very ^much the angle made by the leg and foot. 
1 




A. vertical section of the Foot, leng'thwise. 1 The tibia. 3 The astragalus. S The os 
calcis, with the tendon of the muscle attached. 4, 5 Bones of the foot. 6 A metatar- 
sal bone. 7, 8 Phalanges. In this figure the arched form of the foot is well shown 

The motions of the body, would be injurious to the brain and 
vital organs, if there were no provision for absorbing them. 
Such concussions we experience by stepping only a few inches 
lower than we expect to, when walking in the dark. The prin- 
cipal means of deadening these shocks consist in the construction 
of the foot. In these motions, either the toe or heel, first re- 
ceives the weight of the body, and the concussion is partially ab- 
sorbed, before the other end of the foot is brought down. The 
arcUfcOf the foot, directly over which the ancle joint is placed, is 
then depressed. If too much of the concussion still remains, the 
kaee and hip joints are then gradually bent, in order to receive it. 

^f the foot ? 6d. What is the first office of the foot ? Wliat peculiarities fit it for 
this purpose ? What is the second, and how is it fitted for it ? What is the third 
use of the foot '> What are the means by which the foot absorbs the concussion 
produced by the motions of the body 'i What farther proTision exists for absorb 
ing them ? ^ 
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CHAPTER n.— OF THE ARTICULATIONS. 

Section L — Parts of which the Joints are composed, 

56. A joint is formed by .the contact of two articular faces 
f/f bone, together with several appendages 

for guarding it agsiinst dislocation, and for 
securing freedom of motion. 

57. * K the surfaces of bone were in 
direct contact, the requisite motions 
would rapidly wear them, and destroy 
the joint. To obviate this a layer of 
cartilage (2, 2, fig. 43) covers every 
articular surface. Thus, instead of bone, 
there are brought together two smooth 
surfaces of an elastic substance between 
which there is scarcely any friction. 

A cartilage which covers a convex ar- 
ticular surface is thickest in the middle, 
(fig. 44,) and that which covers a con- 
cave surface is thickest around the edges. 
This elevated rim of cartilage in some of 
the joints, as that of the shoulder, constitutes the most important 
Fig. 44. 




1, 1 Two bones connected 
by a joint. 2, 3, The carti- 
lages by which the ends are 
covered. The synovial mem- 
brane, represented by the 
dotted lines, covers the car. 
tilage. and extends back to 
8, 3 }. then follows the cap* 
sttle which lies outside of 
the dotted line, and is not 
here represented. 




d C The Cartilages of a joint, varying in thickness according to position. 

CHAPTsa II. SscTiorr I. — 56. Of what does a joint consist? kl Why are not th« 
trticular surfaces of bone brought directly together. With whtt art Uie articular 
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part of the sockets, so that cartilages become, to a considerable 
extent, a protection against dislocation. 

There is also in seyeral of the joints, as in the knee, a sepa- 
rate, intervening cartilage, so that each joint in which it is found 
really consists of two joints. By this means the amount of mo- 
tion oyer each articular surface is diminished one half. 

58. Every joint is enclosed in a capsule which binds the 
bones together, and prevents the adjacent parts from falling in, 
and being caught between the bones as they move upon each 
other. Thb capsule is a continuation of the periosteum, which, 
instead of closing around the end of the bone, becomes de- 
tached from it where the articular surface commences, and pass- 
ing over the joint, attaches itself to the next bone. The joint 
h therefore contained within a sac impervious to air. 

The close fit of the articular surfaces which form a joint is 
among the prominent means of protection. The surfaces ad- 
here by atmospheric pressure with a force equal to sixteen 
pounds to the square inch of surface. It is the same principle 
which the dentist employs in securing to the roof of the mouth 
the plate to which artificial teeth are attached. The plate can 
be loosened, however, by depressing one side so as to admit the 
air. The joint is more fully protected because the enclosing 
capsule entirely excludes the air. 

59. In addition to the capsular support of the joints, they 
are supplied with numerous ligaments as protection against dis- 
location. They are sometimes only a thickened and strength- 
ened state of the capsules at exposed points. Other ligaments 
are quite separate from the capsule. Fig. 45 represents the in- 
side of the hand with the muscles dissected off, and will give a 
good general idea of the abundance of ligaments with which the 

inrfacef covered 7 How does the thickneei rary ? How do some of the cartilages 
tend to strengthen the joints ? What is the use of the separate cartilage in certain 
joints? 68. What is the use of the capsule 7 How is it formed 7 How, apart from 
its strength, as a means of tying the bones together, does it prot^t the joint. 69 
What protection bive the joints in addition to the oapiulei 7 Are the ligaments U9 
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pints are furnished, and the amount of protection which they 



give. 



Fig. 45. 



The ligaments are severally adapted 
to the amount of motion which the 
joints require. Thus the ligaments of 
the shoulder joint are, within certain 
limits, as elastic as India-rubber. Oth- 
erwise the joint would be comparative- 
ly useless. But the ligaments which 
bmd the square bones of the wrist or 
foot together have scarcely any elasti- 
city. If they had they would answer 
no good purpose in those places. 

Again there is a striking adaptation 
in the amount and arrangement of the 
ligaments to the degree of danger to 
which a joint is exposed. When a jdnt 
is otherwise weak, especially if it is an 
important one, greater care is taken to 
protect it by ligaments. In the knee- 
joint, for instance, if the bones were lar- 
ger tlie joint would be stronger, but the 
limb would be more cumbrous. With 
the size which the bones of the knee have it might be asked, how 
its strength may be made the greatest, while yet the freedom of 
motion is not interfered with. The question is solved in the 
construction of this joint. Besides a liberal supply of ligaments 
passing across the joint from bone to bone, outside of the capsule, 
there are within the capsule two ligaments, originating in the 
deep groove which separates the external and internal condyles," 

" We have here an instance, not nncommon in the anatomy of the 
body, of several ends attained by the same contrivance. This groove 

parato from the capsules ? How are the ligaments adapted by their elasticity to th* 
proper motion of the joints ? What ottier adaptations have they 7 Explain thif 




Represents the llfiments 
which pass from one bone to 
another in the hand. Also the 
ligament which connects the 
bones of the fore arm. 
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orossing each other like the letter x, (and hence called crucial 
ligaments,) and attached to the head of the tibia, (/^, fig. 46.) 
The advantage of this arrangement is that the protection is al- 
most in the centre of the joint, and also that the direction of the 
ligaments is such, that any force tending to cause dislocation, 
must be exerted in a direction almost lengthwise of one or other 
of these ligaments. Their position is therefore such as to make 
them operate to the greatest possible advantage. 
Fig. 46. Fig. 47 




The back sido of 
the Knee Joint, f % 
The crucial Uffa* 
nicnts by which the 
joint is protected in 
the centre. 




The Hip Joint, r l. The round ligament, r l 
The capsular ligament. 



Another instance of a similar kind is the round ligament of 
the hip joint, (r l. ^, 47,) which has very great strength, and 

might, at first, appear to be lefb only to make the bone lighter, and 
yet give the requisite enlargement of the extremity of the bone, fox 
the purpose of forming the joint. We now see that it ajiswers another 
purpose, by furnishing the means of attaching, in the most favorable 
position, those ligaments upon which depends the principal security of 
the most exposed joint in the system. As this joint is the most ex- 
posed one in the system, so the blood vessels and nerves which pass it 
would be specially exposed to be injured, but for this groove which 
fVirnishes them a passage along the least exposed side of the joints, 
deep below the surface, and prtf ected-fiwm injury by the condyle! 
which rise up on both sides 
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passes directly from the centre of the head of the femur to the 
centre of the acetabulum. It is sufficiently elastic to allow of 
the* requisite motion, but not of motion to such extent as to ren- 
der dislocation possible without breaking the ligament. 

In a few cases there are ligaments passing from bone to bone, 
to give greater support to the parts where there is no proper 
joint. Of this kind are the ligament between the tibia and fibu- 
la, and that between the radius and ulna, (fig. 45.) 

There is another class of ligaments which have an entirely dif- 
ferent object. They occur where a tendon is to take a different 
direction from that of the muscle fcom which it comes ; in the 
instep of the foot, for example, (%. 48,) where the symmetry 
of the foot would be en- 



tirely destroyed if the 
tendon which goes to 
the toes, instead of be- 
ing tied down into the 
angle, were allowed to 
pass directly from the 
muscle to the points of 
insertion. Its object 
therefore is to change 
the dkection of muscu- 
lar motion. 

60. The whole inter- 
nal surface of the joint, 
that is of both cartilages 
and the capsule is lined 
with the syno^dial mem- 
IramCy (represented by 
the dotted liaevin fig. 43). 



^ig. 48. 




The direction of muscular motion changed b* 
ligaments. 

There are also in several parts of 



adaptation in case of the crucial ligament. Of the round ligament. In what in* 
■tances are ligaments employed to confine bones within proper limits where ther« 
•r« no joints 1 What other use is made of ^igaments ? 60. With what are the sur 
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the body tubular sheaths for the transmission of tendons, and 
where the amount of motion is such as to require that the sur« 
faoes should be covered with synoml membrane. • 

This membrane secretes a glairy and very perfectly lubricat- 
ing fluid, the synovia^ the ofBice of which is the same as that of 
lubricating substances used in all kinds of machinery, to dimin* 
ish the friction of solids moving upon each other. The joints 
have however, these advantages over other machinery, that the 
synovia is the most perfect lubricating substance known, that 
it is supplied over the whole surface requiring lubrication, that 
the quantity is exactly proportioned to the demand, since the 
amount secreted depends upon the amount of motion of the 
joint, that it is not supplied at intervals but constantly, and that 
the old is absorbed as the new is secreted. 



Section II. — Particular Joints, 

61. The joints are either movable or immovable. We have 
examples of the immovable joints in the sutures of the head and 
face, and in the articulations of the teeth with the alveolar pro- 



The movable joints are of four kinds. 

62. First, those which admit of motion only by the compres- 
sion of interarticular cartilage. The articulations of the verte- 
brae, with the exception of the two highest are of this kind. 
Each cartilage is firmly fixed to the two vertebrae next above 
and below it. Instead of two cartilages as the other joints have, 
each joint contains but one, but this is of much greater thick- 
faces of the joints lined ? What is the object of this membrane 1 What is the of- 
fice of the synovia? What bdrantages have Uie joints over other machinery in 
this respeot ? 

Sfction II.— €1. What are the two kinds of joints ? What are examples of the im- 
novable joints 7 How many kinds of movable joints ? 63. What if> Uie first kind '* 
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Hess, so that it will admit of compression enough to produce 
all the motion required. These joints are not supplied with 
synovial membrane as there is no motion of surfaces upon each 
other. The articulation of the bones of the pubis in front is of 
this kind, though the cartilage is not thick enough -to admit of 
much motion. The articulations between the ilium and sacrum, 
and between the tibia and fibula resemble thos6 of the vertebrae, 
but each surface of bone has a separate cartilage and is lined 
with synovial membrane. 

63. Secondly, those which admit of motion in only one di- 
rection. The articulation of the occiput and atlas allows only 
the vertical motion, that of the atlas and axis only the horizon- 
tal motion, and upon these two joints most of the motions of the 
head are performed, though the other joints of the neck admit 
of considerable motion. The elbow, knee, and ankle joints are 
the most perfect examples of this kind. The articulations of 
the phalangial bones with each other also belong to this class. 
They are called hinge joints, and though limited to one kind of 
motion, the motion is yet very free and extends through a large 
arc. In the elbow joint, as before stated, the motion is limited 
both ways by processes of the ulna, but the range of motion of 
the other hinge joints is determined more by the ligaments than 
by the form of the bones. 

64. Thirdly, the condyloid articulations. The articulation 
of the lower jaw with the temporal bone belongs to this class 
The usual action of this joint is such as to give a vertical mo- 
tion to the jaw. But the cavity in the temporal bone, which 
forms the socket, is larger than the condyle of the lower maxil- 
lary bone, so that a slight lateral (the grinding) motion is al- 
lowed, and also some motion backward and forward. The arti- 

Describe the joints of the spine. Why have they na synovial membrane ? What 
other joints belong to this class ? «3. What is the second kind ? Describe the first 
and second joints of the spine, and their object. What are the remaining joints of thin 
kind ? By what general name are they designated ? How is their motion limited 'I 
64 Whfiit is the third kind of joints ? Describe the articulation of the lower jaw 
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Culation of the clavicle with the scapula and with the sternum, 
those of the ribs with the vertebrae and with the transverse pro- 
cesses, and those of the phalanges with the metacarpal and me- 
tatarsal bones are of this kind. The articulations of the carpal 
bones with each other, and with the metacarpal, also those of the 
tarsal with each other and with the metatarsal, belong to this 
class, though the motions in these joints are extremely limit- 
ed. The articulation of the radius and ulna is composed of two 
condyloid joints, one at each end, by which the rotary motion of 
the hand is provided for. The joint between the thumb and the 
wrist, though of a peculiar construction, is in its motions very 
much like the condyloid joints. 

65. Fourthly, those articulations which admit of free mo- 
tion in all directions. These are denominated ball and socket 
joints. There are but three joints of this kind. In the wrist 
joint the bones of the carpus are so arranged as to form a sphe- 
rical surface which is fitted to a shallow socket on the end of 
the radius. This is a weak joint, not fitted for the support of 
much weight, but for that freedom of motion by which the hand 
is adapted to be an organ of prehension. In the shoulder joint 
the ball of the humerus is received into the glenoid 6avity, the 
edges of which are so raised by cartilage as to form a perfect 
socket. To form the hip joint, the head of the femur is re- 
ceived into the acetabulum. This is Ihe most perfect ball and 
socket in the system, both by the shape of the bones which go 
to form it, and by the appendages of cartilage which raise the 
rim of the socket. 

Name the other joints of this class. What is the pecidiarity of the articulati:)n of 
the radius and ulna 7 Why is the Joint between the wrist and thumb classed with 
the condyloid joints ? 65. What is the fourth kind of joints 7 What are they 
called 7 What joints are included in this division 7 Describe each joint 



Digi 



tized by Google 



GENERAL DESCRIPTION OF THE MUSCLES. 59 

CHAPTER in.— OF THE MTTSCLES. 

Section I. — General description of the Muscles, 

66. The muscles are either voluntary ^ involuntary , or mixed, 
The heart and stomaoh are instances of involuntary muscles 
that IS, muscles which contract and relax under a stimulus which 
is independent of the will. Those muscles upon which respira- 
tion depetds are both voluntary and involuntary, that is, they 
contract and relax with regularity when the attention is with- 
drawn from them, but they can still be controlled by the will.*^ 
Those muscles, upon which the motions of walking, eating, 
winking, writing, &c., depend, and which, in a state of health, 
contract and relax only in obedience to the will, are called 
voluntary muscles. 

67. Those muscles which are partially or wholly controlled 
by the will constitute the lean meat of animals. They lie upon 

18 It is not Improbable Jbat these mixed muscles (being supplied with 
voluntary and involuntary nerves) may be constantly stimulated by 
the involuntary nerves, and uniformly obey them when there is no op- 
posing influence, but that the power of the voluntary nerves is supe- 
rior when the will is active, and controls their motions temporarily. 
Unless these muscles were involuntary, life could be continued only 
so long as we could retain the waking state, and direct our attention 
to the process of respiration. It is also very important that these 
muscles should be voluntary, so that we may control the degree of 
force with which respiration is eflfected, and also control the length 
of each act of expiration ; otherwise, we could have no control over 
the voice. We might be able to articulate while the air was pass- 
ing out of the lungs, but we should be unable to vary the compass 
of the voice at all, and if the act of expiration should terminate 
while we were pronouncing a word, we should be unable to complete 
it till the next expiratidn. 

Cbiftek III. Sectioit 1.-66. Into what classes are the muscles divided 7 Give 
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the bones, fLUing the depressions and giving the general fullness 
and roundness of contour which belong to the different parts of 
the body. 

68. That end of the muscle which is not movable is called 
the origin. The point where the power is to be exerted is the 
insertion. This distinction however does not always hold, be- 
cause in a few muscles each extremity is capable of becoming 
alternately the fixed and movable point. The fleshy part (the 
belly of the muscle) consists of ultimate fibres, too minute to be 
well exhibited except by a glass of high magnifying power. 
Several of these fibres are collected together into a bundle, (or 
fasciculus, )^^ and enclosed in a sheath of cellular substance.^ 

Id In a piece of beef which has been cooked till it is very tender, 
the fasciculi of a muscle, enclosed in a very attenuated membrane, 
are well exhibited and easily separated. 

^ The cellular tissue consists of membrane of extreme tenuity, 
(iig- 4^>) ^^d pervades all parts of the system. The membrane 




A film of Cellular Membrane. 

Stripped from the leaf of fat taken from a fattened animal, consists 
of several thicknesses of cellular tissue. The loose bladder-like mem- 
brane, by which the skin of animals adheres to the muscular parts 
below, is cellular membrane. It forms a loose network which per- 

examples of each class. 67. What do the voluntary and mixed muscles constitute 1 
How are they situated ? What eflect have they upon the general form of the body 1 
68. What part of the muscle is called the origin ? What the insertion ? Why Mm 
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A muscle consists of a collection of these fasciculi enclosed io 
another firmer sheath of cellular substance. 

69. At the extremities of the muscle the celli^ar sheaths 
which enclosed the several fasciculi, and that which enclose the 
whole muscle, becoming free from muscular fibres, are con- 
densed into a firm, inelastic tendon. When the muscles can 
conveniently be situated near the place where the power is to 
be exerted, the tendons are very short, and in many cases there 
is no distinct tendon formed. Otherwise, tendons often of con- 
siderable length are employed.** 

vades very generally the other tissues of the body. It exists in the 
bones. It is this membrane into the cells of which adipose matter is 
deposited to form the fat meat of animals. It is this membrane which 
encloses, with a sheath so thin as to be scarcely Tisible, the fas- 
ciculi of ultimate muscular fibres. It is the same membrane which, 
in a condensed state, forms at one time the tough leathery sheaths 
(fasciae) by which the whole of a muscle, or several muscles, are 
enclosed, and, at another time, the tendons of the muscles or the lig- 
aments of the joints. 

21 A correct idea of the use and action of tendons may be obtained 
by examining the leg of a fowl. The tendons are the small white 
cords which are prolongations of the muscles situated in the thigh 
(** drum-stick.") By pulling the cords on one side the parts of the 
claw contract ; by pulling those on the other side, the claw opens. 

We often find a highly artificial arrangement of tendons, and one 
which as fully proves an intelligent contriver as any complicated 
arrangement in a work of human skill. Thus, the muscles are often at 
a distance from the place where the power is to be exerted, and the 
power is transmitted by tendons of the exact length necessary to effect 
the motions required. When a muscle is in the way of a tendon of 
another muscle, a slit is found in the first muscle through which the 
tendon of the other passes. A slit of this kind is made in the stylo- 
hyoid muscle for the tendon of the digastric muscle to pass. This last 
^muscle has also another peculiarity, that the belly of it is divided into 
two parts which are connected by a tendon, and, in order to chan^f 

not the distinction always be made 7 Describe the fleshy part of the muscle. 69 
How are tendoD3 formed ? In what cases are the muscles without tendons ? Then 
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70. The muscles, though all composed of bundles of fasci- 
culi, are yet very different in form. In some the fasciculi are 
all parallel with the general direction of the muscle, as in fig. 
51, and it becomes spindle-shaped. Sometimes they diverge 
from a point and^ the muscle is fan-shaped, fig. 52. Some- 
times the fasciculi are oblique to the general direction of the 

Fig. 51. Fig. 52. Fig. 53. 




Fig. 54. 




A. spindle-ihaped 
Muscle. 



A radiated Muscle. 



A penniform Muscle. 

muscle, and are arranged along one or both sides of a tendon, as 
in fig. 53, and the muscle is said to be penniform. Still others 
are circular and by contraction close the opening which they 
encircle, as the mouth, the eye. They are called orbicular or 
sphincter muscles, fig. 54. 

its direction, this tendon passes through a loop of cellular substance 
attached to the hyoid bone. The tendon (a, fig. 50) which lends the 
last joint of the finger, lies un^ 

der the tendon which goes to ^^^' ^^' 

the seoond joint ; and, in order 
to let this lower tendon pass the 
second joint, the upper tendon 
(6) is divided and attached at 
two points, and the lower ten- 
don passes between the two 
branches. The muscular power 
exerted on the top of the f Tot first has its direction changed by passing 




a The ligament which, passes under the 
bifurcated ligament 6, to go to the last joint 
of the finger. 



what is the use of tendons ? 70 >escribe the sereral fonrj which the muscles are 
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71. The general principle in the ar-angemmt of the muscles 
is, that they are as near as possible to the places where the mo- 
tions are required. This is the case in the neck, head, and 
trunk. There is, however, a wide exception to this law in the 
position of the muscles which move the extremities. Here, the 
rule* is, that the muscles are placed as near the trunk as pos- 
sible. The object is to give to the limbs lightness and adapta- 
tion to free and rapid motion. Hence the muscles' which move 
the shoulder are on the body, those which move the elbow are 
on the arm, and those which move the wrist and fingers are on 
the fore-arm. The same general arrangement exists in refer- 
ence to the lower extremities. So far as mechanical power is 
concerned, the situation of the muscle might, be at least in part 
reversed. Those, for instance, which move the elbow joint 
might have been in the fore-arm, &c., but it is obvious that the 
hand would have been heavier and more unwieldy. Certain 
very weak but quick motions are, however, performed by muscles 
which are situated in the hand and along the fingers. These 
muscles are, however, so small as not to add perceptibly to the 
weight of the hand. 

72. The three principal circumstances noticeable in refer- 
ence to the muscular motions are, First, their rarity. Some 

under the transverse ligaments cf the ankle. The muscular power ex- 
erted on the bottom of the foot first has its direction changed by the ten^ 
dons passing around a groove in the heel similar to the groove in the 
wheel of a pulley. The trochlearis muscle gives a motion to the eye- 
ball directly opposite to that which would be produced if it were inserted 
by a straight tendon into the top of the ball. This reverse motion is 
produced by the tendon passing through a ring in the angle of bone 
above the inner corner of the eye, and then going back to be inserted 
into the top of the ball. 

found to take. 71. What is the general law for the position of the musclei I In 
what parte of the system does this arrangement prevail 7 In what parts of th« sys- 
tem does a different principle prevail, and what is it ? What is the object of it 1 
Are there any muscles situated on the hand and on the fingers 7 What is the sis« 
ot the muscles, and what kind of motions do they perform ? 7:2. What murcleg to* 
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of the muscles, as the heart and the straight muscles of the ab- 
domen may exert a power equal to the force with which they 
contract. But such is not the case generajly, and particularly 
with those which move the limbs. The force with which they 
contract seems to be abundantly supplied in the system, but the 
constitution of the muscle is such, that an amount of contraction 
equal to the range of motion required is impossible. There is 
therefore such a construction of the framework and such a dis- 
position of the muscles, that a large supply of muscular power 
with a limited amount of muscular contraction, shall be converi* 
ed into a wide range of motion. The muscles are said to act 

at a disadvantage, 
Fig. 56. which is true so 

far as power is 
concerned, but it 
is simply an ex- 
change, a contriv- 
ance to relinquish 
power which the 
system can spare, 
in order to secure 
greater and quick- 
er motion which 

1 The humerus. 2 The muscle by which the joint is it necds. ThuS 

straiirhtened. 3 Its insertion. 4 The muscle V which . « p.^ i 

the elbow is bent. 6 lU origin, 6 Its insertiou. When 1" "g. 00 j DJ a 

the muscle 4 contracts by an amount represented by 7, 8, __ _ii oT^iAnnt nf 

the amount of motion of the ball will be represented by SmaU amouni 01 

9, II . There is a loss of power which is compensated by mugcular COntrao 

an increase of motion. **««*ov/i*i 




22 The muscles which bend the elbow must exert a force equal to 
about twenty-five times that of the weight raised by the hand. It 
seems incredible that a force of more than half a ton should be ex- 
erted by the two small muscles which bend the arm ; yet such is the 
fact. Still, that power would be of little service to us if we could not 

without mechanical iisadvantages 7 Is this generally the case 7 Are th« muscl** 
best fitted to 6»«rt great force or t<5 produce a wide range of moUon 7 How is forcf 
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lion, the hand is made to take suocessiyelj the positions of 9, 
10, and 11. If a muscle could have been attached at 12, and 
made to act in the direction of the arc, there would be no loss 
of p6wer, but no muscle could perform the amount of contrac- 
tion which would be necessary.** 

73. Secondly, their antagonism. Every voluntary motion 
of the body depends not only on the contraction of one muscle 
or set of muscles, but also on the relaxation of another muscle, 
or set of muscles. Thus a perfect antagonism of muscular 
power exists throughout the system. When the motions per- 
formed are principally those of bending and straightening the 
joints, the two classes of muscles are called flexors and extensors. 

74. Thirdly, many of the motions are the comhined result of 
the contractions of several muscles. Each muscle has general- 
ly a distinct motion to perform, but there are cases in which the 
fasciculi of a muscle may contract independently of each other, 
so that one muscle may perform several different motions. More 
frequently, however, a single motion is the result of contraction 
of several muscles. Thus the tones of voice depend upon the 

change it, in part, into velocity, that is, if we could not move a hand 
or a foot to a greater distance at once than the extent of the muscular 
contraction of even the longest muscle. 

^ But instead of seeking occasion to lengthen the muscles, and thus 
* increase their range of motion, there seems to be an opposite tendency. 
Thus, the penniform muscle is an arrangement to increase the number 
of muscular fibres of which a muscle consists, and therefore to increase 
the power with which it contracts, but at the same time to shorten the 
fibres, and therefore diminish the amount of contraction. This ar- 
rangement is most conspicuous in the muscles which straighten the 
knee, where a great amount of contraction would be useless, but where 
great power is necessary to control a joint bearing the whole weight of 
the body, and where the muscles must act so disadyantageously. 

converted into motion ? 73. What besides the muscular contrerction is necessary to 
produce motion ? Wiat relation of the muscular power is established in the syi. 
tern ? What are those muscles which bend the Joints called 7 ^Those which extend 
.he joints ") 74. How in the same muscle produce more than one kind of motion 1 
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position and tension of cords which are controlled by several 
musoles. To produce these almost infinitely varied tones at 
pleasure, implies an instantaneous and perfect control of sthese 
muscles. So the rapid and perfectly accurate motions of which 
artisans, musicians, and especially jugglers are capable, depend 
upon controlling accurately a large number of muscles. 

75. This perfect control may be more easily acquired by 
some persons than others, but it is never gotten without effort. 
It is the result of trainiri^. We see this in the gradually in- 
creasing correctness of pronunciation which the child acquires, 
in the efforts which the student is obliged to make in getting 
the sounds of a foreign language, in learning to write, to knit, 
to play on a musical instrument, or in acquiring any other kind 
of motion which requires skill. 

We may lose by disuse the control which we have once had 
of muscles. Thus, if a bone be broken and we are obliged to 
relinquish the use of a limb wholly, even a few weeks are suffi- 
cient to place it quite beyond our control. There are muscles 
properly situated for moving the ears, but they have been so 
long out of use, that it is hardly probable that the use of them 
could again be recovered 

76. The muscles produce their effects by contraction, di- 
minution of length, and the power which they are capable of 

^putting forth at once, if it could be made to centre at one point 
would be equal to several tons' weight ; but of the nature of the 
muscular power we know nothing. It is one of the modes of 
the manifestation of the vital force, which will be considered in 
the chapter on respiration. All that we can do is to inquire 
into the conditions which seem to be essentially connected with 
this manifestation of force, 

Po the motUai generally depend each upon a single muscle 1 Give instances. 7o 
How may this control be acquired ? Give instances. Give an instance in vhicli 
this control is temporarily lost. Give an instance in which it seems.to be lost be- 
yond the power of recovery. 76. How do the muscles produce the motions of thi 
I ?dy ? What is the nature of the power which produces those changes. 77. How 
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77. In the first place, every exertion of muscular power is 
eonnected with a change in the substance of the musdej some por- 
tion of it being decomposed and returning to a lifeless state. It 
is by this lifeless matter (metamorphosed tissue) taken up by 
the blood in its circulation through the muscles, that the bright 
arterial red which it had when it left the heart, is changed to 
the dark color which it has when it comes back to the heart. 

Hence it is, that those employments are the most exhausting 
which may not be very laborious but which incessantly exercise 
only one class of muscles. The accountant who has done no- 
thing for ten hours but sit and move the small muscles of the 
hand in writing, is more weary than the person who has labored 
hard in the field and brought aU the muscles of the system by 
turns into vigorous exercise.** Constant writing, sewing, turning 
a wheel, playing on a piano, or any employment which requires 
the use of one set of muscles exclusively, is wearisome and injuri- 
ous, unless relieved by a large amount of rest and recreation. 

78. In the second place, the healthy action of the muscle 
requires an active circulation of the blood, for this constant de- 
struction of muscular tissue must be connected with as constant 
renewal, and the blood is the means both of removing the de- 
composed muscle and supplying the material for the new. 

The energy with which the blood circulates is dependent in 
a great measure upon exercise of the whole systdm. Exercise 
may operate in several ways to stimulate the circulation, but 
part of its effect is merely mechanical. Eelaxation of the mus- 

«4 It is noticed by teamsters that their horses weary much quicker 
when the road is uniformly level, and the effort required is not great, 
than on uneven roads, where the draught is often much greater. In 
the latter case, different sets of muscles are exercised alternately. 

are the muscles affected hy muscular contraction 7 What effect does this have 
upon the blood 7 What employments are most exhausting, and why 7 How is in 
jury from such employments to be guarded against 7 78. What is the second law 
of mvicular action? Why is this active circulation necessary? Upon what doef 
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de allows the blood to flow into it, and contraction forces it out, 
and as there are contrivances in the blood-vessels to prevent its 
'mshing backwards, both contraction and relaxation of the mus- 
cles tend to establish a more energetic circulation, and there- 
fore a more complete repair of the waste occasioned by decom- 
position. 

The circulation of the blood in the muscles adapts itself in 
quantity to the amount of exertion which these muscles ordinari- 
ly make. Hence the muscles of a person who is accustomed to 
active employment receive a large amount of blood, and when 
he is prevented from putting forth his accustomed activity he 
becomes restive. For such a state of rest his amount of circu- 
lation is a diseased one. If, on the other hand, a person of 
sedentary habits attempts to perform in, a day what would be a 
day's labor for a working man, he effects an amount of decom- 
position of muscular tissue, altogether disproportionate to the 
amount of renewal which the ordinaiy supply of blood can fur- 
nish in the same time, and the result is extreme exhaustion. 
The change from one mode of life to another can be safely made 
only by so slow degrees, that the power of adaptation in the 
system shall adjust the circulation in the muscles to the de- 
mands made upon them. 

This adaptation in the supply of blood to the amount of ef- 
fort put forth, is however subject to two modifications. During 
the period of childhood and youth, the new muscular fibre is 
furnished in large quantity, but it is for the purpose of growth 
and not because muscular effort and muscular decomposition had 
been great. In fact such persons often put forth and are able to 
put forth but little muscular power. It is also found that any 

luch a circulation depend ? How does exercise mechanically promote the circula- 
tioD of the blood 7 Upon what does the amount of circulation in the muscles de> 
pend 7 Why does a person of active habits need more circulation in the muscles 
than a sedentary person ? Why should a change from ono mode of life to another 
be gradual ? What is the first modification to which this relation of circulation 
tnd muscular efibrt is subject ? What becomes of t^e nutriment furnished by th« 
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elass of muscles which is subjected to a great amount of exercise 
continuously, receive more muscular fibre than is decomposed 
and they become increased in size, iliat is the muscular fasci- 
euli become more numerous. Instead therefore of requiring a 
muscle to perform extra labor continuously by a more rapid 
iecomposition and renewat of the muscular fibre, (which beyond 
1 certain degree, would generate disease,) the large supply of 
blood which exercise induces, goes to furnish a larger number of 
fibres to perform the labor.** 

^ 79. Muscular action is dependent on nervous influence. The 
nerves do not produce muscular power, for we may often be 
unable to exert this power while the nerves are uninjured. But 
they control (or the brain, through the nerves) the vital force 
which is employed in muscular contraction. HeQce when the 
connexion between a muscle and its nerve is interrupted there 
can be no muscular action. Hence also it is, that under Excite- 
ment or a vigorous effort of the will the muscular power may 
for a short time be so wonderfully increased. In a very short 
time, however, such energetic action of the muscles will pro- 
duce exhaustion; and even moderate muscular action will at 
length bring on weariness. This weariness may arise from a 
failure of the vital ^orce, or too great decomposition of the mus- 
cular tissue. In either case it is an indication from our consti- 
tution that the system requires rest. 

ss Sculptors and painters study carefully the external changes which 
the muscles undergo from change in the mental states, from exercise, 
use, excitement, disease, &c. The best representations of Hercules 
(the embodiment, among the ancients, of their ideas of physical power) 
exhibit the muscles as very large, and those in the back and arms as 
specially large, firm, and well defined, 

oircniation of young persons ? What is the second modification ? 79. What is the 
third law of muscular action ? Why are not the nerves the source of power 1 
What is the office of the nerves in reference to the muscles t How does a high de* 
gree of excitement affect the strength of a person ? What is the condition of th« 
system indicated 1) ▼ weariness 7 What is the irstruction which it oonreys t 
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70 GENERAL QUESTIONS. 

GENERAL QUESTIONS ON THE PRECEDING CflAFT£RS.« 

Define Anatomy mod Physiology? How many ■yitemi of organs are to Im essaH 
ined ? Show in their order why theie lyitemi are neceuary. 

Chaptcm I.— Of what doet this chapter treat 7 What are the subjects of the sec* 
tions in this chapter. 

SBCTioif 1.— >What are the objects of the osseous system 7 Give the process by 
which the osseous skeleton is formed 7 What is the composition of ordinary bone 1 
What division of the bones according to their form 7 Explain the structure of the 
bones. How do bones increase in length and diameter 7 Describe the periosteum 1 

Sectioiv 3.— >What are the two divisions of the bones of the head 7 What is the 
structure of the bones of the cranium 7 Name the bones of the cranium, and give 
their position 7 What are the processes of the bones of the cranium, and where are 
they situated 7 What foramina are found in the .bones of the cranium, and where are 
they situated 7 What is the form of the cranium 7 What is a suture, and what ones 
are found in the cranium 7 What are the purposes of the cranium 7 How is it 
fitted to accomplish each of these purposes 7 Name the bones of the face and give 
their position. 

Sbctior 3.— What division is made of the bones of the trunk 7 Of what does the 
spine consist 7 Describe a vertebra and its processes. Explain the differences in 
the vertebra in different parts of the spine. How are the bones of the vertebra] 
column connected together. Describe the intervertebral foramina and spinal canal. 
What are the objects of the spine 7 How is it fitted to eflfect each of these objects 7 
Describe the sternum. The ribs. The use of the thorax. The pelvis. Its use. 

SECTiorr 4.— What are the bones of the upper extremities 7 For what uses are the 
bones of the upper extremities intended 7 In what consists their adaptation to these 
uses 7 

Sectioit 6.— What are the bones of the lower extremities 7 What are the pur 
poses designed to be accomplished by them 7 What are the adaptations to each <A 
these purposes 2 

^ A list of general questions has been appended to this part, at the 
close of Part 2 and Part 3, for the purposes of reviews and examina- 
tion. The questions are designed to test the knowledge of the pupil, 
and others of a similar character will be easily added by the teacher. 
It is recommended that, as each section is completed, there be a review 
of it by some such general questions as have been given above. At the 
end of a chapter let it be reviewed by sections. Let Part 1 be reviewed 
by chapters, that is, let the object of each chapter be given ; then, each 
chapter by sections ; then each section by topics ; and thus the view 
of the subject which the learner acquires will be a connected one. 
' This kind of general review should not, however, be allowed to take 
the place of more rigid reviews. Thoroughness can be acquired only 
by special attention in this respect. Pupils are often averse to re- 
views, because they are anxious to hasten the completion of any sub- 
ject of study, and be<»ause, in reviewing, the novelty of the subject 
is gone. The most profitable part of their study, however, is the 
reviewing. The text has been constructed with great brevity, in order 
to give sufficient opportunity to be thorough ; but if time will not 
a.dmit of completing the study, let it be thoroughly reviewed as far 
as it is studied. 
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Chaftkr II.— What is the subject of this chapter 7 SccTioif 1.— How a a joint 
formed 7 What are the four appendages of joints 7 What are the four pecoiiaritiet 
of ligaments adapting them to the amount of motion and kind of danger 7 For what 
other purposes are ligaments used 7 In what respect is the synovia adapted to its 
uses. Section 3. — What division is made of the joints 7 How many kinds of mova* 
ble joints 7 Give instances of each kind. 

Chapter III.— What is the subject of this chapter? Sectioiv t. — What division 
is made of the muscles 7 What are the muscles here considered 7 What are the 
forms of the muscles 7 What is the general arrangement of the muscles 7 What 
three principles prevail in reference to muscular motion 7 How does practice af- 
fect our control of the muscular power 7 What is the muscular power 7 What 
three laws relating to the exercise of this power ? What consequences follow from 
the first law 7 What afiects the amount of circulation of blood in the musclea 7 
Under what circumstances is the amount of circulation more than proportioned to 
the muscular power possessed 7 What is the third law 7 What is the physical 
cause of weariness and what is its import 7 



Section II, — The Muscles individually.^ 

80. I. — Muscles of t?i€ forehead, 

(a) The Occipito-frontalis {k, I fig. 66) arises from the ridge of the 
occipital bone, extends forward so as to coyer the top of the cranium, 
and is inserted into the skin at the lower part of the forehead. It 
raises the eyebrows and wrinkles the forehead horizontally. 

(b) The corrugator supercilii (not represented in the figure) arises 

^7 A description of the muscles is properly introduced in this con- 
nexion ; but the recitation of this section will not generally be insisted 
on by teachers. There is necessarily too much of technical language 
introduced to justify its being studied as other parts of the work 
should be. There has, therefore, been no list of questions appended, 
and a smaller type has been employed. When, however, a knowledge 
of any part of the muscular system is necessary for understanding any^ 
other parts of our organization, references wiU be made and questions 
introduced. 

The muscles here described do not embrace a full list of the musclea 
of the system, but only such as are most obviously important in per- 
forming the general motions of the body. They are also classified in 
reference to the motions which they produce, because such a classifi- 
cation will best exhibit their relations, although, in anatomical trea- 
tises, they are generally described according to the order in whioh 
they would most conveniently be studied in th9 iissecting room. 
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from the frontal bone near the , T\r. 66 

inner angle of the eye, runs 
upward and outward, and is 
inserted into the skin under 
the eye-brow. It antagonizes 
with the frontalis and wrin- 
kles the forehead vertically. 
81. n. — Muselesofthe eye, 

(a) The straight muscles, 
namely, the rectus superior, 
fig. 67,) the rectus infert' 
y, (18,) the rectus internus, 
(10,) and the rectus exter- 
nn«, (11, 12 most of it is re- 
presented as removed in order 
to show other parts.) These 
four muscles arise in the pos- 
terior part of the orbit, and 
extend forward to be inserted 
into the eye-ball, one above, 
one be low, and one on each 
side. Acting separately, they 
roll the eye in different direc- 
tions ; acting together they depress the ball in the socket. 

{b) The oblique muscles. The obliquus superior (6) has a common 
origin with the recti muscles. It runs obliquely over the eye to the 




Muscles of the face, a The levator labii su 
perioris. b The levator anguli oris, e Tht 
depressor anguli oris, d The depressor labll 
inierioris. e The zygomaticus major, g Thf 
buccinator, h The orbicularis oris, t The le- 
vator ale nasi, j The compressor naris k. 
The occipito frontalis, m The orbicularis 
ocull. g The masseter muscle. 



Fig. 67 




Muscles of the eye. 3 The optic nerve. 3 
The eye-ball. 4 The levator muscle of the eye- 
lid. 6 The superior oblique muscle. 6 The 
loop throug^i which its tendon passes. 7 The 
tendon whica ia inserted into the ball. 'S The 
Inferior oblique muscle. 9 The rectus sup^fll- 
nr. 10 The rectus intemus. 11, 13 Portions of 
the rectus externus. 13 The rectus inferior. 



inner angle, where its tendon 
passes through a cartilagenous 
ring (6), and is reflected back 
to be inserted into the ball, 
(near 3. ) The obliquus inferi' 
or (8) arises near the inner an- 
gle of the eye, runs obliquely 
backward under the. eye, and 
is inserted into the posterior 
part of the ball. The obliqi^e 
muscles, acting separately roll 
the eye in opposite directions ; 
acting together, they antago- 
nize with the recti musclei 
and bring the ball forward. 
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(c) The levator palpebra superiorU (4) has a common origin with 
the recti muscles, and is inserted into the cartilage which forms the 
upper eye-lid. 

{d) The orbicularis oetUi (m fig. 66) is a circular muscle surround- 
ing the eye. It has its origin and insertion common at the inner an- 
gle, and its use is to close the eye. 

82. IlL.^Mu$ele3 of the nose. 

(a) The compressor naris {j fig. 66) arises from the comer of the 
nose, spreads over the ridge of the nose, and its fibres mingle with 
those of the corresponding muscle from the other side. Its action is to 
diminish the size of the nostrils. 

(6) The levator ahs nasi (t fig. 66) arises from the nasal process of 
the superior maxillary bone, and is inserted into the corner of the 
nose. It enlarges the nostrils. 

83. TV,— Muscles of the mouth, 

[a) The levator labii superioris (a) has its origin directly below 
the eye, and is inserted into the middle of the upper lip. It raises 
the lip. 

(6) The depressor labii superioris is a short muscle within the mouth 
which arises near the root of the upper canine tooth, and is inserted 
into the upper lip just below the nose. 

(e) The levator anguli oris (b) arises just below the eye, and is in- 
serted into the comer of the mouth^ which it is designed to raise. 

(d) The depressor anguli oris (c) arises from the lower edge of the 
lower jaw bone, and is inserted into the corner ci the mouth, which it 
depresses. } 

Xe) The levator labii inferioris arises near the roots of the lower in- 
cisor teeth, passes downwards and is inserted into the integuments of 
the chin. It rtam^ the lower lip. 

(/) The depressor labii inferioris (rf) aHses from the lower edge of 
the lower jaw on the side of the chin, and is inserted into the lower 
tip, which it depresses. 

{g) The buccinator {g) arises from several points near the joint of4P 
the lower jaw, constitutes the principal part of the cheek, and comes 
forward to be inserted into the comer of the mouth. It diminishes the 
cavity of the mouth, or draws back the angle of the mouth. 

(A) The orbicularis oris (A) is a broad circular muscle encompass- 
ing the mouth. It antagonizes with all the muscles that tend to open it 

84. V. — Muscles which move the lower Jaw. 

(a) The temporal muscle (4 fig. 9) arises from the parietal bone, 
and the fasciculi converge till it becomes tendinous and passes under 
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Fig. 68. 




The two pterjffoid muscles. Parts 
of the upper and lower jaws are re- 
moved to exhibit them. 1, 3 The ex. 
temal and S the internal pterygoid 
muscles. 



Fig. 69. 



the zygomatic process, and is inserted into the coronoid process (6) 
It raises the lower jaw. 

(6) The masseter muscle {q fig. 
66) arises from the malar portion of 
the zygomatic process, from the ma- 
lar bone and from the contiguous 
portion of the upper maxillary. One 
portion has its fibres so situated, 
that being inserted into the root of 
the coronoid process, by contraction 
it carries the lower jaw backward. 
The other and principal portion is 
inserted into the angle of the jaw. 
It tends slightly to bring the jaw for- 
ward, but its principal use is to as- 
sist the temporal muscle in masti- 
ciation. 

(c) The pterygoid muscles (of 
which 1, 2 fig. 68 is the exterior and 8 is the interior) arise from each 

pterygoid process, 
and are inserted in- 
to the inner surface 
of the angle of the 
jaw. They act alter- 
nately, and there- 
fore produce the 
horizontal, grinding 
motion of the jaw. 

85. Yl.—JIfusclea 
of the Throat. 

(o) The Bterno- 
hyoideiM (/ fig. 69) 
arises from the top 
of the sternum, and 
is inserted into the 
oshyoides. It draws 
the hyoides down- 
ward and forward. 

(ft) The (WJo-Ayoi- 
detis (m m) arises 
from the upper edge 




Muscles of the Neck 
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of the scapula near the outer angle, and is inserted into th« os hyoides. 
It draws the hyoides downward and backward. 

(c) The mylo'hyoidetis arises from the lower edge of the lower max- 
illary bone and is inserted into the os hyoides. It forms the ioor of 
the mouth, and the body of the tongue rests upon it. It brings the hy> 
oides toward' and forward. 

(li) file stylo-hyoideus {q) arises from the styloid process and is in- 
erted into the os hyoides. It draws the hyoides upward and backward. 

(e) The digastrietu {p p) arises from the mastoid process, passes 
downward and forward through a perforation in the stylo-hyoideus to 
the OS hyoides to which it is attached, then changing its direction it 
goes to be inserted into the point of the chin. It lifts the os hyoides 
and with it the tongue and throat. But when the sterno-hyoides and 
the omo-hyoideus are in a state of contraction so that the hyoid bone 
cannot rise, then the mylo-hyoideus and the digastricus will draw the 
lower jaw downwards. 

86. Wl.— Muscles af the JSTeck. 

(a) The Sterno-eleido-Mastoidetts (the prominent oblique muscle ' 
on each side of the neck) arises from the sternum and clayicle, goes 
obliquely upward and backward, and is inserted ii^to the mastoid pro- 
cess. When one muscle alone acts it brings the head obliquely for- 
ward. When they act on both sides at the same time, the head is 
brought directly forward. 

(b) The splenitis arises from the spinous and transverse processes of 
the Tertebral column as far down as the fifth dorsal vertebra, and as 
it ascends along the back, goes obliquely to be inserted just back of 
the mastoid process. (2, PI. L) 

(c) The complexus has nearly the same origin and course, but has 
its insertion into the occipital bone directly behind the insertion of the 
splenius. (1, PI. I.) When tlie splenius and complexus act on both 
sides they move the head directly backward. When only those en one 
side act they turn the head obliquely backward. These two muscles 
are th^ antagonists of the mastoideus. When all these muscles act to- 
gether by a moderate force, they tend to keep the head in an erect 
position. 

{d) The obliquus capitis inferior arises from the spinous process of 
the second cervical vertebra, and is inserted into the transverse pro- 
cess of the first. It therefore turns the first vertebra horizontally on 
the pivot joint, between it and the second, and the head partakes of 
the same horizontal motion. If, however, both muscles act togethei ^ 
they teni to steady '■iie head in its position. 
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- "BT-r. "TOL — MutcUb tffhith mtme the Bpine, 

(a) TI1& ItrngkHmus tforfi (d e fig. m} atjsea from th* spinous pro- 

eeseea of the ao^crum and tUo lam bar Tflrtpbrae* and from the eontiguoua 

,^ portions (>f the ilimn, passes up along the apinc, filling the spnce b«. 

tween the spinotia and transferse proceaaoa, and ia inserted into th« 

trftOffvers© processes of &U the doisal lertobroj except thti lowest Its 

^ftue is to keep the'ejine erect. It also helps to bend it backward, of 

»r ftbliquely backw^jard. 

(A) The flrtcr^ hiTni>^^ (a 5) lias nearly the same origin &3 the longia- 
aimna, ood ia inserted into the rtba a little fonvard of each thberele. 
Ita uae ia the sam^" ns that of the longisalniua. 

(e) The qttadraTi/4 lumborntn arii^oa from the highest portions of tlia 
Fig, 60. 

Fig. r.]. 




de The longifsimlis dorsi. ab The 
iftcro-lumbalit. c The levatores cot- 
Uruv.. 



4 Ejcterunlmtcrensta] mtiJicles. b in 
tprnni tntprcasUl musclcB 6 Tho tj-siH 
veiiii lis muscle. 8 The lioea alta U 
The rectui abdominii-. 



Digitized 



by Google 



7IJ£ MUSCLES rXDiriDJCiLlT 



77 



rim of the pelvis^ anul i« ItiEii^rtcd into thQ trnnst^rse prei^eai ^rilia^t 
dorsal vertebrft and into the lower e^Ig^ of the lo»^ fik It keeps 
' the trunk ereut or tentbj it to mther side- 

88. IX* — Muscies ttf Jlespiratioti. 

(a) The s€rrattts po.'ttlcn.i superior iirises from th6 fipinoui pfo~ 
cesseB of ibe three lower cervical Tertebriie, ansi i^ ingerted into the 
second, third and fcnrth nbs On both gidi^ ai tho thorax. Ita 
direct use Is to ? aias those TibSj but from the manner in which the rlbv 
are connected h tends to raise aH of the rih& 

Fig. 62. 




1 llie trapezias. 4 The Ifttissimus dorsi. 6 The deltoid muBole. 8 The KMf> 
«i mediui. 9 The gluteus maximus. 11, 13 The rhomboideus musele. 10 Tht 
•etratos posticus inferioy. 23 The lerratus anticus msgor. 
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(b) The Uvatores eostaruniy (c ofig. 60,) twelTein number, arise ont 
from the transYerse process of the last ceryical and each of the dorsal 
rertebrsa except the last, and passing obliquely downward is inserted 
into the rib immediately below. , They assist the serratus posticus 
superior. 

{c) The intercostales (4 and 6 fig. 61) are short muscles filling the 
spa^ces between the ribs. The internal layer passes upwards and for- 
wards. The external layer runs obliquely upwards and backwards. 
When the upper rib becomes fixed by the action of the muscles above 
it, the intercostales raise all the ribs below the first. 

{d) The serratus posticus 
infeHor (16 fig. 62) arises from Fig. 63. 

the spinous proceilses of the 
lumbar vertebrss, and rising 
forward, is inserted into the 
ends of the tenth, eleventh 
and twelfth ribs. It brings 
the ribs downward. 

(c) The diaphragm (2, 2 fig. 
68) is a muscular membrane 
separating the cavity of the 
thorax from that of the ab- 
domen. Its form is that of a 
dome, being convex above, like 
an inverted basin. It is seen 
in section in fig. 68. It is at- 
tached to the lower extremity 
of the sternum and to the ends 
of all the ribs. Its muscular 
fibres have a very irregular 
arrangement, but the general 
effect of their contraction is to 
depress the dome more nearly 
to a plain surface, and of 
course to increase the cavity 
of the thorax by pressing down 
the viscera of the abdomen. 

89 X.— Muscles of the ab- 
domen. 

' id) The obliquus deseendens „. 

^,*^.^,.. /Id io £ itA\ • The Thorax, the front part removed ca 

e • ternus (12, 18 fig. 64) arises ihow the diaphragm 2, 2. 
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from the extremities of the eight inferior ribs and proceeds obliquely 
downward to the linea alba, (which is a tendinous substance, occupying 

Fig. 64. 




Front view of the Muscles of the Trunk. 1 The pectoralis majoi. 
^ 3 The deltoid muscle. 12, 13 The external oblique muscle. 16 

'. ^ The rectus abdominis, lu The internal oblique muscle. 

the median line of the abdomen, from the sternum to the pelvis, and 
Been at 8, 9 fig. 61.) 

(b) The obliquus ascendens intemus (18 fig. 64) arises from the brim 
of the pelvis, and is inserted into the linea alba, sternum and false ribs. 

(c) The transversalis abdominis (6, 7 fig. 61) arises from the lum- 
bar vertebse and the ends of the false ribs, and passes horizontally 
around the abdomen to be inserted into the linea aspera. 

{d) The rectus abdominis (16 fig. 64) arises from the sternum and the 

cartilages immediately adjacent, and descends vertically to the pelvis. 

The direct use of these muscles is to compress the abdomen. But by 
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80 doing they canse the Tiscera of the abdomen |o ascend and the arch 
of the diaphragm is raised up. As the diaphragm descends these mus- 
cles relax to make room for the depressed yiscera.^s They are thus 
' ike muscles which antagonize with the diaphragm, and though they 
have other uses they are also respiratory muscles. The first, second 
and fourth also bend the body obliquely or directly forward. 

90. XI. — Mtueles of the Upper Extremities, 
1. Muscles of the Scapula. 

(a)^The trapezitis (1 fig. 62) arises firom the occipital bone, from a 
tendinous substance called the ligamentum nuchse, which passes along 
the spinous processes of the neck, and firom the spinous processes of all 
the dorsal rertebrse. It is inserted into the spine of the scapula and 
into the acromion process. It draws the scapula backward. 

(5)^^e rhomboideus (11, 12 fig. 62) arises from the spinous pro- 
cesses of the three lower ceryical, and the four upper dorsal yertebm, 
and is inserted into the whole posterior edge of the scapula. It draws 
the scapula upward and backward. 

**(c) The serratus anticus major (22 fig. 62) arises along the sides of 
the thorax from the eight superior ribs, runs back under the scapula 
and is inserted into the posterior edge of it. It moves the scapula 
downward and forward. 

2. Muscles which moTC the shoulder joint. 

(a) The peetoralis major (1 fig. 64) arises from the whole length of 
the sternum and the fibres converging, it is inserted into the foreside 
of the humerus, about three inches from its upper extremity. It 
brings the arm downward and forward. 

(^The latUsimtu dorsi (4 fig. 62) arises from the spinous processes 
of the lumbar vertebrso and sacrum, and from the edge of the ilium, 
and is inserted into the humerus just back of the insertion of the pec- 
toral muscles. It draws the arm downward and backward. 

« It is in this way that exercise is essentially connected with diges- 
tion, and that a want of exercise brings on a constipated state of the 
intestines. Exercise always increases the demand for oxygen in the 
system ; hence the deep, labored respiration of a person who has been 
exerting himself to his utmost. To a less extent, and yet to a very 
perceptible extent, ordinary and not fatiguing exercise increases the 
fullness of the respiratory effort : that is, i^ increases the reciprocal 
action of the abdominal muscles and the dia^^ragm. There is thus an 
increased motion mechanically given to the stomach and intestines. 
The effect of 1Mb is to increase the supply of blood sent to these or- 
gans, and thus to favor digestion, and prevent dyspepsia. Anothex 
effect is to keep their contents in motion, and thus to prevent con* 
Mtipation. 
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(c)^ The deltoides (5 fig. 62) arises from the spine of the seapula^the 
acromion, and the outer extremity of the clavicle, passes OTe« the 
ihoulder joint, and is inserted into the outer side of the hunMrua igteigr 
the middle. It raises the arm 

3. Muscles wh*ch move the elbow joint. 

(a) The Uceps flexor eubiti (8, PI, II.) arises from the upper edge 
of the glenoid cavity and from the coraooid process of the scapula, and 
passing the whole length of the humerus, it is inserted inta the tube* 
rosity at the upper end of the radius. It bends the forearm. _ 

{b) The brachialis internitSy situated under the biceps, arises from 
the humerus, near the insertion of the deltoid muscle, and is inserted 
near the upper extremity of the ulna, on the front side. Its use is the 
same as the previous muscle. 

(crThe triceps extensor cvbiti (7, PI, I.) arises from the lower edge 
of the glenoid cavity, from the upper extremity and from the middle of 
the humerus, and is inserted into the olecranon. It extends the forearm. 
4. Muscles whiok move the wrist and fingers. 

The muscles of this division have three objects, to rotate the hand, 
to move the wrist, and to move the fingers. Seven of these arise from 
the internal condyle, of which the first is a pronator and the rest are 
flexors. 

(a) The pronator teres radii (7, PI, II.) passes obliquely over the 
forearm, and is inserted near the middle of the radius. It rolls the 
hand inward. 

(Jb) The flexor carpi radiaUs (9, PI, II.) follows down near the radi- 
us, passes under the annular ligament, and is attached to the metacar- 
pal bone of the fore-finger. It bends the wrist. 

(c) The flexor carpi ulnaria takes its course along the ulna, and is 
inserted into the pea-shaped bone of the vnrist. It bends the wrist. 

{d) The palmaris longus has nearly the same course as the preced- 
ing muscle, and is inserted into the membranous expansion, which lies 
in the palm of the hand, and has also a slender attachment to the 
bones of the hand. It helps to bend the wrist. 

(e) The flexor digitorum sublimis (10, PI, II.) passes as one muscle 
to the middle of the forearm, when it divides into four parts, which 
eoon become tendinous, pass under the annular ligament and are in- 
serted, one into the second phalangeal bone of each finger. It bends 
the fingers at the first and second joints. 

(/) The flexor digitorum profundus lies under the sublimis, is also 
divided into four tendons, and they are inserted into the last bone of 
each finger It therefore bends the last joint. 
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{g) The flexor longtu pollieis is inserted into tlie last bone of the 
thumb. It bends all the joints of the thumb. 

The next six muscles arise flrom the external condojle of the hume- 
rus, of which the first is a supinator, and the rest are extensors. 

(ctVThe supinator radii longtu (8, PI. I.) passes obliquely OTer and 
half around the forearm, and is inserted into the lower end of the 
radius. It rolls the hand outward. 

{b) The extensor carpi radialia descends along the back of the ra- 
dius, and is \fLserted into the metacarpal bone of the fore-finger on the 
back of the hand. \ It extends the hand. 

(£) The extensor carpi radialia brevior resembles the last, except 
that it is inserted into the metacarpal bone of the second finger. It ex- 
tends the hand. 

{d) The extensor carpi ulnaris descends along the ulna, 
and is inserted into the metacarpal bone of the little finger. It ex- 
tends the hand. 

(€)^he extensor digitontm communis (9, PI. I.). At the middle 
of the forearm, it divides into three tendons which are inserted into 
the middle bones of the first, second and third fingers. A strip of 
tendon also reaches to the last bones of the same fingers. It extends 
all the joints of these fingers. 

(/) The extensor minimi digiti is inserted in a similar manner 
into the bones of the little finger, and extends all the joints. 

(g) The ext^nsores pollieis arise from the middle of the ulna 
and are inserted, one into the metacarpal bone of the thumb, and 
one into each of the other bones of the thumb and extends all the 
joints/ 

91. Xn. — Muscles of the Lower Extremities. 
1. Muscles which move the thigh. 

(a) The psoas magnus (a fig. 65) arises from the front side of the bodies 
and transrerse processes of the lumbar vertebrse, runs across the pel- 
Tis to the OS pubis, binds over the anterior edge of this bone, and is 
inserted into the trochanter minor of the femur. It brings the thigh 
forward. 

(6) The iliacus intemus {b fig. 66) arises from the whole internal 
surface of the wing of the ilium. Its fibres converge, become tendi- 
nous, and unite with the tendon of the psoas magnus. Its action is 
therefore the same as the psoas. 

(d) The gluteus maximus (13, PI. I.) arises from the external sur- 
face of the sacrum and coccyx and the lower external surface of the 
ilium, and is inserted into the upper part of the linea aspera for a third 
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If the length of the thigh. Its Fig. 65. 

use is to straighten the thigh 
and draw it backward. But as 
important an office is, in con- 
nexion with other muscles, to 
support the body in an erect 
position on the lower extremi- 
ties. 

(d) The gluteus medius (12, 
PI, I.) arises from the outer 
surface of the spine of the ili- 
um and is inserted into the back 
part of the trochanter major, 
it carries the thigh outward and 
Also turns the toes outward. 

{e) The gluteous minimua 
Arises from that part of the ili- 
om contiguous to the acetabu- 
him, and is inserted into the 
Vont side of the trochanter ma- 
jor. The eiFect of this muscle 
is to turn the thigh so as to 
carry the toes inward. 

(/) The triceps adductor 
arises from the upper and front 
part of the os pubis, by three 
heads, and is inserted into the 
whole length of the linea as- 
perk. It rotates the thigh, and 
brings it inward. 

{g) The obturator externus 
arises from the large foramen 
In the OS ischium, passes under 
the neck of the femur, and is 
inserted into the inner and back 
part of the trochanter major. It rotates the thigh, outward 
2. Muscles which move the leg. 

(a) The sartorius (11, PI, II.) arises from the upper and front part ol 
the ilium, winds obliquely to the inside 6f the leg, and is inserted into 
the inner tubercle of the ^ibia. It bends the leg, and draws it obliquely 
inward 




a The Psoas Magniut muicte. h The ili> 
acus internus. c One of the intercostal 
muscles, d Part of the femur, e e The 
bones of the pelvis. 
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The next four musoles lie on the under side of the thigh> and tiieir 
office is to bend the knee. 

(b) The graeUii (14, PI. I.) arises from the os pubis near its inferior 
part. 

(c) The semi'tendinostu (17, PI. I.) arises from the lower extremity 
of the ischium. 

(<2) The semi-memlfranosw also arises from ^e lower extremity of 
the ischium. These three muscles together with the sartorius, have a 
oommon insertion at the inner tubercle of the tibia, by a common ten 
don which forms the inner hamstring. 

(e) The bicep$ entrU (16, PL L) arises from the lower extremity of 
the ischium, and from the linea aspera near the insertion of the glu- 
teous maximus, and is inserted into the outer tubercle of the Ubia. 
Its tendon constitutes the outer hamstring. 

The remaining four muscles constitute the extensor of the leg. 

(/) The reetui femorU (12, PL H.) arises from the front part of the 
ilium. 

{g) The erweuB arises from the trochanter minor. 

(A) The voiHu intemus (18, PL IL) also arises from ^e trochanter 
minor. 

(i) The vastus extemus (14, PL 11. ) arises from the trochanter 
major. 

These four muscles unite in one great tendon which is inserted into 
the patella. A short tendon connects the patella with the Ubia where 
the power is to be exerted. 

8. Muscles which move the foot. 

(a) The gastroenemius (19, Plate L) arises from both condyles of 
the femur. 

(b) The soleus arises Arom the tubercles of the Ubia. 

These muscles unite in a strong tendon (the tendo AchiUis, 21 » pL I. ) 
which is inserted into the extremity of the heel (the os calcis.) (The 
tendon is seen above, 8 fig. 42.) They extend the foot. 

(c) Tk^percneus (20, PL I.) arises from the head of the fibula. It 
follows this bone to its lower extremity, passes through the channel of 
the outer ankle, turns under the foot, and is inserted into the meta- 
tarsal bone of the great toe. It extends the foot and presents the sole 
obliquely outward. 

{d) The tibialis posticus arises from the upper extremity of the ti- 
bia, passes down on the back side between the tibia and fibula, turns 
under the foot just back of the malleolus intemus, and is inserted into 
the middle of the underside of the foot. It extends the foot slightly 
and presents the sole obliquely inward. 
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(e) The tibialis anticus (19, PI. II.) arises from the head of the tibia 
on the front side, passes down, forward of the malleolus internns, and 
is inserted with the posticus. It flexes the ancle slightly, and turns 
the sole inward. 

4. Muscles which moTe the toes. 

(a) The flexor pollicis pedis arises a little below the head of the fib- 
ula on the backside, passes behind the ankle-joint on the inside to the 
bottom of the foot, and is Inserted ii^o the underside of the last bone 
of the great toe. It bends this toe. 

{b) The flexor digitorum pedis resembles the flexor poUicis pedis till 
it reaches the bottom of the foot, where it diyides into four tendons 
which are inserted, one into the last bone of each toe except the first 
It bends these toes. 

(c) The extensor pollicis pedis (16, PI. II.) arises from the front 
side of the head of the fibula, passes along the bone to the ankle, then 
under the annular ligament, and is inserted into the upper side of the 
last bone of the great toe. It extends the great toe, and bends the 
ankle. 

{d) The extensor digitorum pedis (17, PIJI*) is like the pollicis pedis 
till after it passes under the annular ligament, where it divides into 
four tendons, which are inserted, one into the top of the last bone of 
each toe, except the first. It extends the toeS) and bends the ankle 
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lHB NERTtdUS SYSTEM. 



TE fERVOUS SYSTEM INCLUDES THE BRAIN, SPINAL CORDj 
NERVES, AND THE EXTERNAL SENSES. 



cm rER I.— OP THE BRAIN, SPINAL CORD, AND NERVES, 



Section L — The Brain, 



I. The Enveloping Mmbrames of the Brain, 
92. There is a finn membrane called the dura mater ^ whiih 
is closely aUaohed to the interior surface of the cranium, and 
may be regarded as an internal periosteum. In several instan- 
ces the membrane is not attached continuously to the bone, but 
leaves loose dupDoations, {F fig. 66,) by which the brain is 
partitioned off in- 



to separate por- 
tions. One of 
these folds is the 
ientorivM^ It is a 
nearly horizontal 
membrane, arising 
from the ridge at 
the top of the pos- 
terior fossa, thus 
separating the cer- 
ebrum from the cerebellum. 



Fig. 66. 




«M 



A verticU, tniiMvene lection of the cranium, a The 
i:knU. b The dnra mater, e The arachnoid membrane. 
F Tte falx cerebri. 

Another partition, which is called 



Pakt II.— What ii included in tkik ^v^tem ? Sbctiow 1.-92. What are the three 
mombranei whieh eacloM the brain ^ ^'eecribe the dura mater. Describe the three 
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1 The falx cerebri, f, 3 Two large veins by which 
the blood is returned 'Htm the head. 8 The forehead. 



hQ falx cerebriy n,fig. 67,) arises from the ethmoid bone, 

follows along the 
^' ' sagittal suture, and 

becoming wider as 
it extends back- 
ward, terminates at 
the tentorium. An- 
other much small- 
er fold of the dura 
mater, called the 
falx cerebelliy ex- 
tends from the ten- 
torium to the mag- 
num foramen: 

93. The ar- 
achnoid membrane 
is an exceedingly 
thin film, and is attached to the interior surface of the dura ma- 
ter. It secretes a fluid in small quantity, bulL.sufficient to keep 
the surface moist, and diminish the friction occasioned by the 
slight motion of the brain within the cranium.^ 

94. The pia mater is a thin but firm membrane not attached 
to the arachnoid or the dura mater. It lies next to the brain, 
dipping into its substance at the fissures, and forming the only 
proper envelope of the brain. 

II. General Structure of the Brain, 

95. The brain occupies nearly the whole cavity of the 

^ There is a constant secretion of this fluid and as constant an ab- 
sorption of it, This membrane, in certain conditions of the system, 
and particularly in childhood, is apt to take on inflammation, when tile 
secretion becpmes too abundant, and results in dropsy of the bead 
(hydrocephalus). 

partitions of the brain produced by the dura mater. 08. Describe the arachnoid 
membrane. What ii its office? 94. Deicribe the pianater. 95. Where i« the 
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oraniam. It is divided into right and left hemispheres, the falx 
cerebri lying between them. The base of the brain is divided 
on each side into three lobes^ corresponding with the three de* 
pressions in the base of the cranium. That portion which lies 
in the posterior fossa and under the tentorium, is the cerebellum ; 
die remaining, and by far the largest portion, is the urebrum, 
96. The medvMa oblongata^ (fig. 68,) though not a part of 

Fig. 69. 





a The pom varolii. 

the brain but of the spi- 
nal cord, of which it is 
simply a prolongation 
above the magnum for- 
amen, is situated within 
the cranium. It contin- 
ues of nearly the same 
size as the spinal cord 
for about an inch, and 
then becomes enlarged 
into a bulb (a) called 
the pons varolii. 

97. The external surface of the cerebrum presents numer- 
ous irregular elevations, called convolutions^ (4 fig. 69), which 

Traill situated 7 State the diviaiontofthe brain. M. What besidei the brain doea 
ihe cranium eonstainl Deaeribe it. 97. Daioriba the external anrfaoe of tbe 



1, 1 The integument of the head turned down 
2, 2 The edge of the remainine part of the era- 
nium, the upper part having been removed. I 
The dura mater. 4 The convolutions and an. 
fractuosities of the brain. 
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are separated by depressions, (anfractuosities.) These depres- 
sions are better seen in the horizontal section, fig. 70, and are 

produced by folds 
Fig. 70. ^n .. . . 

^ of the pia mater 

dipping down foi 
half an inch or ra- 
ther more into the 
substance of the 
brain. 

' 98. The two 
hemispheres of the 
cerebrum are con- 
nected by a yfhiie 
fibrous substance, 
the* corjpus caMos^ 
um^ (6, fig. 76,) 
situated below the 
falx cerebri. Its 
fibres run trans- 
versely, as seen at 
ded ^.71. Be- 

A horizontal section of the cranium and cerebrum. 1, twcen the COrpUS 
1 The cranium. 9, 2 The dura mater. 3, 3 The cineri- ^ 

tious substance of the cerebrum. 4, 4 The medullary caJloSUm and the 

substance, fi, 5 The lateral ventricles of the brain. _ a i i • 

base of the braan 
are five cavities called ventricles^ the larger two of which are seen 
at 5, 5, fig. 70. 

99. The brain is composed of dnerUious and medullary 
MubstaTices, The first is a dark, ash-colored, pulpy mass, the 
other is dense, white, and fibrous. In the cerebrum the cin- 
eritious substance is exterior, (3, 3, fig. 70,) lying immediately 
under the pia mater, and following it wherever • depressions of 
that membrane occur. The medullary substance (4, 4) consti- 

Drain. 08. How are the hemispheres of the brain connected. Describe the oorpnt 
callosum and the ventricles. 99. Of what is the brain composed ? nescribe thesi 
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tutes the central portion of the cerebrum. In the medulla 
oblongata the oineritious portion- is central and the medullary ex- 



Fig. 71. 



Fig. 72. 





A horizontal section of the brain at a hieher level than 
yie ^recedin^ section, a b c The meduflazy substance. 
f The cineritioos portion, ded The corpus callosnm. 



A cross section of the 
Spinal cord. The dark 
portions represent the 
cineritious portion. The 
cineritious portion is 
found in the central part 
of the medulla oblongata 
also. 

terior, (fig. 72.) 
In the cerebel- 
lum the two sub- 
stances are ar- 
ranged in concen- 
trialayers, giving, 
when a vertical 
section is made, , 
the br^ohing ap-t 
pearance (seen 
above i c in fig. 
75) called the 
arhor vita. 



III. Functions of the Brain. 

100. The brain is a pulpy mass, distinguishable into parts by 
differences in color and structure, but it has not, like the skel- 
eton, the muscles, or the eye, such a relation of parts that we 
can see their adaptation to the offices which they perform. The 
care, however, with which the brain is protected, the amount of 
blood with which it is supplied, and the connexion existing 

two substances. How are they situated in the cerebrum. In the medulla obloB 
gata. In the cerebellum. 100. What reason have we for supposing that the braia 
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Detween the health or disease of the brain, and the proper oi 
disordered action of other parts of the system, lead us to believe 
that it has a highly complex and perfect organization. But the 
Ihost accurate examination of its intimate structure has thrown 
no light upon the mode of its operations. We cannot, there- 
fore, as we can in most other parts of the system, study its 
organization, and from this infer its functions. These we are 
left to determine simply from the phenomena which it exhibits.^ 
These phenomena justify us in regarding it as a repository of 
fower and as the organ of the mind. 

101. The brain does not, so far as we know, originate any 
of the forces of the system, such as those upon which digestion, 
the circulation, and other phenomena of life, depend. But, 
however these involuntary forces are originated, it is a repository 
' of them; it appropriates and controls them. Hence when the 
brain is diseased these phenomena of life are more or less dis-* 

>o This we ought to expect from the peculiarity of its functions. 
Considering it as the organ of the mind, what possible adaptation can 
we conceiye ? It is conoeiyable that beings, in other respects like ns, 
should have been created without hands, (or any other important or- 
gans would serye for illustration), and they would be able to form 
some idea of the kind of organization which would be necessary to fit 
us for prehension, just as we can study out the best construction of a 
loom, or a steam engine. But a statement of the question as to the 
organization adapted to the operations of the mind, makes the thing 
at once ludicrous. What organization, for instance, would be a suit- 
able one to enable the mind to haye the feeling of pain, or the percep- 
tion of form or color. 

The relations of mind to matter — the way by which they affect each 
other — are so completely beyond the comprehension of man, with his 
present capacities, that it is only surprising that the idea should eyer 
haye been entertained of diseovering, in the organization of the brain 
any adaptation to its functions. 

is a highly organized sabatance. Can we from a study of itt organization detei> 
mine its functions. In what way are we to determine its functions ? What art 
they 1 101. Is the brain the source of power ? What agency has it in reference 
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turbed. The brain does not, however, exert thi& control by 
means of the mind. These -actions are removed from the con- 
trol of the mind, and such removal is essential to life; for the 
mind requires rest and sleep, and all the operations which 
depend upon it must, during this sus|lension of mental activity, 
be suspended. 

102> But the most important function of the brain consists 
in its being an orgtm of the mind,^^ This, in fact, embraces 
three functions, for the mind may bo acted upon by external 
objects, it may act upon them, or it may be active with its own 
ideas, without reference to its relation to external objects. 
That is, the brain is the organ of the mind in sensation, in voli- 
tion, and in reasoning. 

103. The brsdn is the organ of the mind in seTiseUion. The 
mind is acted upon by external matter through the agency of » 
the senses. We can trace the operation of physical agents, 
such as light, odors, etc. till they have reached, through the 
appropriate organs, the nerves of sensation, when the mind 
oomes at once to the sensation and perception of the external 
object. If the nerves which connect these organs of sense with 
the brain be impaired, this state of mind does not follow. We 
may therefore regard the brain 98 the organ of the mind in 

31 The preponderance of facts compels us to come to this conclusion, 
though there are reinarkable cases of injury to the brain, without 
permanent, and often without temporary derangement of the mental 
operations. Thus, the skull may be broken, or parts of it shot away, 
and a large amount of brain removed without producing idiotcy or in- 
sanity. In Vermont, a few years sincek a rod of iron of an inch in 
diameter, and two feet long, was driven by the unexpected discharge 
of gunpowder, through a man's head, Altering the face and coming ou^ - 
near the top of the head on the opposite side, and yet the man recov- 
ered both his health and his reason. 

to the forces of the system. 103. What is the most important function of the 
brain 1 What thr^ ohjects does it accomplish as such. 103. How &r can w« 
trace the operation of physical causes in producing sensations. Can we tee ia 
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becoming aware of the existence and acquainted with the proper* 
ties of external objects.** 

104. The mind cannot affect external matter directly. 
Whatever effects it produces are the result of contraction and 
relaxation of the muscles. The power is not, howeyer, in ^e 
muscles themselves ; for if the nerves which connect them with 
the brain be severed, the muscles are no longer capable of con- 
traction and relaxation. It is equally true that the power does 
not consist in the mind, the will ; for after we have put forth 
power for a limited lime we become exhausted, and when this 
exertion has been continued long enough, the most vigorous 
efforts of the will &il to cause contraction and relaxation of the 
muscles ; the power which the mind had before controlled is 
spent. When sufficient time and other means have been fur- 
nished for replenishing the available vital force, the mind again 
possesses power over the muscles. The brain is then the means 
by which the mind manifests its volitions in producing muscular 
motion. 

105. By means of the senses we obtain the ideas of color, 

3< This inference rests upon the fact that whenever we can trace 
these physical causes up to the brain, this also being in a healthy 
state, the next thing of which we are aware is a certain state of mind. 
The brain lies between the organ of sense (as the eye, for example) 
and the mind. Hence, we must regard the brain as essential to the 
result — as having something to do— as part of the machinery. In 
what way it is essential is a matter in which we are, and must remain, 
profoundly ignorant. 

It is proper here to remark that this is not a case standing by itself 
in any important respect. We know as little why fuel will bum, or 
any other phenomena take place. We can establish the conditions of 
combustion and see the event follow. Why such event follows such 
conditions, we know not ; and we are compelled to regard the result as 
always the direct work of uncreated power. 

what way th« brain operatoa in producing i ensations ? 104. How doea the mind 
mflaet external objects 7 Is the power in the muscles 1 Is it in tne mind ? How is 
this proved ? What agency has the brain in reference to this power t l(Mb How 
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form, weight, taste, sound, etc. These primary ideas suggest 
necessarily others, such as that of our own existence, of a mate- 
rial world, of a First Cause, etc. All these ideas are variously 
connected with emotions, such as pain, delight, gratitude, aver- 
sion, etc. These ideas are the furniture which the mind 
receives directly and indirectly from the external world. All 
these ideas we can recall, compare, and reason upon. These 
operations of reasoning proceed to a certain extent in a uniform 
manner. There is a great diversity, but still there is what we 
call a rational state of mind, in opposition to one which we 
should call insanity. The mind reasons in a umform manner, 
obeys certain laws in its mental processes, unless the brain has 
su£fered injury. In a diseased or mutilated condition these 
operations become irregular, and the person is insane. Insanity 
is a diseased condition of. the brain. In the reasoning processes 
of the mind we may, therefore, ocmsider the brain as the physi- 
cal agent. 

106. Such are the general functions of the brain, or per- 
haps we should say, the brain and spinal cord. It is not 
necessary for our purpose to inquire as to the special functions 
of particukr parts of the cerebral system, since we may, with- 
out such inquiry, learn its general functions, and the practical 
rules to be observed in reference to it. 

107. The first principle of practical importance is that 
the brainy in order to perform its Unctions properly, must be 
exercised. The same principle which governs the other parts of 
the physical system should govern the brain. It is as natural 
for the child to think as it is for him to play, and the fact that 
both promote his happiness is proof that both are proper and 
necessary for him. Indolence of the brain, like indolence of 
the muscular system, may, however, from circumstances, become 

do we obtain the ideal of color, form, etc ? What other ideas do these suggest 1 
What use do we make of these idAas? In these r6ucning processes, how is it 
shown that the brain is the physical agent. 107. What is the first condition in or 
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a habit. It is the restlessness, the absence of enjoyment thos 
relinquished which, in a large proportion of cases, drives the 
individual to seek the stimulus of intoxicating drinks. But the 
teaching of nature is to empjoy the brain in thought, and thus 
escape the necessity of such stimulants. 

This natural tendency to. think will, when properly guided, as 
certainly develop the mental faculties as proper use of the limbs 
will develop bodily strength. To do this is the main object of 
general education. In order to guide this tendency aright, it 
should in the first place be allowed scope ; it should not be 
repressed. And hence the inquisitiveness of children, even if 
it be sometimes troublesome, should be allowed a wide range, 
and should often be stimulated. The gratification of this 
curiosity and inquisitiveness is the reward of effort by which our 
Creator would stimulate us to new effort.^ In the second 
place, the brain should be allowed the necessary relaxation, so 
as not to become exhausted, and thus awaken a dislike for 
renewed effort. In the third place, ite exercise should be 
varied within certain limits, so as to give diversity of occupa- 

33 This reward always follows effort. The complaint often made by 
scholars that their studies are unintereisting, generally rests upon the 
fact that the studies have not been attended to, with 8u£Bicient care. 
The truths have not been comprehended. Everything of the nature of 
mental acquisition must, from our constitution, give us pleasure. Not 
that it will give every person the same degree of pleasure, for there 
are obviouslgr different susceptibilities to pleasure-^nd there are diver- 
sities of taste, so that equally susceptible persons will enjoy different 
kinds of mental occupation very differently. The general principle, 
however, is still sustained, that knowledge always pleases, and it is the 
observation of all teachers, that those who apply their minds with the 
most assiduity, are the ones who most enjoy their studies. 

der that the brain properly perform iti functions ? What ii the natural inducement 
to exercise the brain ? (that is, to think.) To what physical evils does neglect of it 
lead? For what was this tendency to exercise the brain given us? What are the thret 
rules by which it should be guided 7 VThat advantage does the brain receive from 
special ^jr&ining. Will it increase the volume of the brain ? Give instances ia 



Digi 



tizedbyUOOgle 



96 THE BRim. 

don, and yet not so much or so frequently as to discourage oon* 
tinuous and earnest application. 

But beffldecT a general activity of the brain, it "b possible to 
give it special skill. It is like the enlargement of the muscles 
to fit a man for any particular employment. Perhaps the exer- 
cise of the brain will not increase its size, but it is certain that 
it will increase its power in any given pursuit. We see thi? 
increase of power in the salesman, the accountant, the police- 
man, the enthusiast in any employment. This is a prominent 
object of professional education.^ The brain is as subject as 
any other physical organ to that wonderful law of habit; it 
acquires skill, power, and ready obedience to the will by effort 
continually repeated.'* 

34 In many respects a general and professional education are the 
■ame thing. It is not possible to train and discipline the mental pow- 
ers generally, without doing something towards preparing the indlTid- 
nal for professional success. Nor is it possible to confine the attention 
to strictly profeissional study without increasing generally the mental 
powers. It is true also that facts must be learned in both general and 
professional study. Still, there is the broad and important distinction 
between general, and professional education, that the one proposes the 
general discipline of man as a thinking being, and ihe other prc^poses 
a special discipline, as a preparation of him for a limited and prescribed 
course of life. To confine education to the first, would be like securing 
a large muscular development, while the individual is ignorant of any 
of the processes of useftil physical employment. To limit education to 
the last would be analogous to training an individual to the intricate 
processes of a dif&cult trade, when he has not general muscular power 
enough to make his skill of any avail. This danger is very great, to 
young men in this country, of hastening too rapidly from general 
study, to professional study. They always regret, in later life, that the 
foundations of their education were so slender, but the regrets often 
come when it is too late to apply a remedy. 

>& Certain teachers who have been remarkably successM, have owed 
their success to the tenacity with which they insisted upon frequent 
repetition of lessons, review upon review, till the leading principles of 

wUek fpecial power la acquired 7 In what does thia f|»eeial training coiultt 
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The bndn may alsd be overworked. It is probable that 
by the actaon of the brain there is a disorganization, to some 
extent, ot its substance, as there is in the muscles by their 
action. But, whether this be sq or not, there is evidently some 
physical state of the brain, induced by too prolonged activity, 
which unfits it for longer continued effort until time has been 
given for reparation. This state is indicated by a disposition to 
knit the brows, more or less of pain in the head, and sense 
of. fatigue. These are intimations from our constitution that 
rest is necessaiy and ought not to be disregarded. The toe 
ambitious student, or the too eager business man who disregards 
these indications, will inevitably suffer the penalty inlatei 
years. 

To defer this period of weariness, resort is not unfrequently 
had to artificial stimulants -, and they may have this effect, but 
it is an obvious disregard of a natural warning of the exhausted 
condition of the system ; to silence the warning of danger while 
the danger is not only present but increasing, must be both 
unwise and unsafe, 

108. The exercise of the brain depends not merely upon the 
will. There must be general physical health and the observance 
of those conditions by which general health is preserved. Spe- 
cial importance is, however, to be attached to the preparation of 
the blood, of which a much larger amount is sent to the brain, 
in proportion to its size, than to any other organ. For if the 
blood is impure it operates directly in proportion to the extent 
of the impurity, to bring on inactivity of the brain, and finally 
utter prostration and stupor. The preparation of the blood 
depends upon its being properly subjected to the action of 

a branch of study are ground into the mind, so that they can never 
be forgotten. 

To what danger is the brain liable ? What effect does activity of the brain pro- 
duce in the brain 1 Haw is this state indicated ? How may this juried of weari* 
■ess be deferred t Why should it oot be ? 108. What besides the wiU doM 4iM 
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oxygen in tlie lungs, that is, it depends upon the quantity and 
purity of the air we breathe. Hence, sleeping-roons, school- 
houses, and workshops should, whereyer it is possible", be large 
and, in all cases, well ventilated. The subject of proper ventila- 
tion should be specially attended to in churches and other rooms 
intended for the acc^nmodation of large audiences. 

109. Cases occur in which the brain has a naturally exces- 
sive activity. If this is not of itself disease, it is always liable to 
terminate in disease. Children of more than ordinary capacity, 
especially if there is an obvious precocity of intellect, should not 
be stimulated to exertion, but should be held to some extent in 
check, and their attention should be turned, not, however, in 
such a way as to attract the notice of the child and make him 
aware of the purpose, to a large amount of physical effort, and 
in the open air. This is more important, because tibis predomi- 
nating development and activity of the bram is most firequently 
found in children of a generally weak physical organissation and 
of scroMous tendencies. 

110. The successM intellectual activity of the brain 
depends in a great measure on the predominant emotions. No 
person can think vigorously and reliably with a habitually 
desponding and melancholy temperament. Such a state, if 
prolonged, is a diseased one, and is to be treated as such. Our 
Creator has established a generally hopeful tendency in the 
healthy mind. It is only when buoyant emotions are prevalent 
that the brain can be active without leading to a morbid, unsocial, 
morose, and perhaps insane condition of the mind. 

exercise of the brain depend upon ? Why is. pure blood necessary 9 What does th« 
proper preparation of the blood depend upon ? What practical rules does this sug* 
gest 7 109. Can the brain have an activity too great to consist with health 7 What 
caution does this suggest? 110. What is ^e last condition of the proper exer- 
cise of th« bnin T 
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Section IL—Tht Spinal Cord. 

111. The spinal cord is the continuation of the medulla 
oblongata from the magnum foramen to the sacrum. It is 
divided by deep fissures in front and behind, (2, 2 fig. 73,) into 
right and left halves, and, by slight depressions on the sides^ 
into anterior and posterior portions. The central portion is 
composed of cineritious substance, (see fig. 72,) as in the me- 



Fig. 73. 



^ Fig. 74, 
83 1 a a 




1 The gpinal oord. 3, 3 
The depressions on the 
front and back sides. 

3, 3 The spinal canal. 

4, 4 The membranes ex- 
tending to the sides of 
the canal by which the 
cord is supported. 




1 The spinal cord. 3, 3 The pia mater. 8, 8 The 
lieaments by which the spinal cord is retained in its 
pmce. 4, 4 Points by which the ligaments are at- 
tached to the walls of the spinal canal 



dulla oblongata and the exterior of medullary substance. The 
dura mater and arachnoid membrane form a lining to the spinal 
canal. The pia mater forms a sheath which encloses the spinal 
cord. This oord is smaller than the canal in which it is en- 
closed. The space between the cord and the sides of the canal 
is filled with a fluid secretion from the arachnoid membrane, 
and the oord is retained in its position by folds of the pia mater, 
(3, 3 fig. 74,) which are prolonged at points, (4, 4,) so as to be 
attached to the sides of the spinal canal. 

%KCTioiv 3.— 111. Describe the position of the spinal cord. Its diyisions. Its 
composition. Its membranes. The means by which it is retained in its place 
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Section IIL—Tht Nerves. 

112. The nerves are small white cords which pass out tn 
pairs from the brain and spinal cord and spread themselves 
through every part of the body. like the spinal c6rd, they 
are composed of cineritious and medullary matter, and are 
enclosed in sheaths, which are formed by extension of the three 
membranes which enclose the brain. 

L ^Hte Cranial Nerves, 

113. There are nine pairs of nerves which pass out through 
(he cranium : 

(a) The olfactory y (1 fig. 75,) arises from the fissure 



A longitudinal and vertical leotion of the braiiL and a gide view of the medulla 
eblooffata. aaa The cerebrum, b The cerebellum, e d The spinal cord. The 
medulla oblongata is its extension upward, e The corpus callosum. 1 The olfac* 
tory nerve. 3 The optic nerve. 8 The motor oculi. 4 The trochlearis. 6, 6', 6''. 
The trigemini. 6 The abductor oculi. T The auditory nerve. 7 The facial 
nerve. 8 The glossopharyngeal nerve. 8' The par vagum. 8'' The spinal acces- 
sory nerva 9 The hypo-glossal nerve. 10, II, 12 Spinal nerves. 

ficcnoif S.—113. Describe the nerves. What is the first class of nerves? US. Dee 
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between the anterior and middle lobes of the brain. It passes 
out bj-seyeral fasciculi, through the perforations in the ethmoid 
bone, and is distributed to the different parts of the nose. 

(b) The optic nerve, (2,) arises from the middle lobe, and 
enters the orbit of the eye through the optic foramen. 

(c) The motor ocuM^ (3,) arises just in front of the pons 
varolii, enters the orbit though the foramen lacerum superius, 
and is distributed to most of the muscles of the eye-ball. 

(d) The trochlearisy (4,) arises from the side of the pons 
varolii, enters the eye at the foramen lacerum, and is spent upon 
the superior oblique muscle of the eye. 

(e) The trigemifdy (5, 5', 5",) arises &om the pons varolii, 
a little below the origin of the trochlearis, by three roots, and 
passes out of the cranium by three branches through the lacer- 
ated, round and oval foramina. It is distributed to the ball of 
the eye, to the eyelids, to the interior of the nose, to the gums 
and teeth of the upper and lower jaws, to the tongue, and to the 
ear. 

(/) The abductor ocidiy (6,) arises from the lunterior portion 
of the medulla oblongata^ below the pons varolii, passes out 
through the foramen lacerum, and is spent on the external 
straight muscle. 

{g) This pair consists of two nerves,*® the auditory and 
fadaly (7, 7',) which arise from the medullar below the pons 

30 There is no reason why this pair should not be regarded as two 
pairs, except the fact that they escape from the craninm. together. 
The auditory and facial portions are distinct in their origin, as will be 
seen from the figure. They are different in structure, one being a 
dense, firm nerye, and the other tery soft. They are entirely different 
in their distribution and functions. One goes to the face, and the other 
to the ear. One is a nerve of sensation, and the other of motion. 
The same might be said generally of the three portions of the eighth 
pair. Accordingly, many anatomists represent the cranial nerres as 
eonsisting of twelve, instead of nine pairs. 

oiibe th* origin and distribution of the olfactory nerve. The optlo iierv^ vlflL 
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Fig. 76. 



varolii. The auditory portion passes through the temporal 
bone to the interior of the ear where it terminates. The facial 
portion winds through the cavities of the temporal bones till it 
escapes at the mastoid foramen. It is distributed to the face. 

(A) The eighth pair is composed of three nerves, (8, 8', 8",) 
the glosso-pharyngealj which arises &om the middle of the post- 
erior part of the medulla oblon- 
gata ; the par vaguniy which arises 
a little below the preceding ; and 
the spinal accessory ^ which arises 
from the posterior part of the spi- 
nal marrow, for two or three inches 
below the magnum foramen, and 
passes up into the cranium. These 
three nerves pass out of the cra- 
nium together through the for- 
amen, between the occipital and 
temporal bones. The first branch 
is distributed to the tongue an 
pharynx, the second to the lungs 
and stomach, and the third to the 
muscles of the neck. 

{%) The hypO'glossiis, (9,) arises 
from the lower anterior portion 
of 'the medulla oblongata, escapes 
through the condyloid foramen of 
the occipital bOne, and is spent 
upon the tongue. 

II. The Spinal Nerves. 
114. There are thirty pairs oi 
1. 1 The cerebrum. 2, 2 The cere- ncrves wHch arisc from the spiual 

bellum. 8 The medulla oblongata. ^ 

8,4 The tpinai cord. 6 The dorsal COrd, (fiff. 76.) 
nerves. « The sacral nerves. 7 The ' ^^ ' . . , 

axillary plexus. 8 The lumbar plextti. (^a) The Suh-OCClpttoL, nerVO 

What if the lecond class of nerves ? 114. How many pairs of spinal nerves art 
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escapes from the spinal cord between the occipital bone and 
the atlas. 

(b) The cervical nerves, of which there are seven pairs, 
escape through the intervertebral foramina, below each cervical 
vertebra. 

(c) The dorsal nerves, of which there are twelve pairs, come 
out &om the spinal cord below each dorsal vertebra. 

{d) The lumbar nerves, five pairs, escape below each lumbar 
vertebra. 

(e) The sacral nerves, of which there are five and often six 
« pairs, escape through the foramina of the sacrum. 

115. Each of the spinal nerves arises from the spinal cord 
bjtwo ?$c*f, (?j c, fig. 77 A,) one of which comes from the 




a The spinal cord, h e The two roots of which each spinal nerve 
is formed, d The ganglion iormed on each posterior root, e The 
nerve after the junction of the two roots. 

anterior and the other from the posterior portion. The post- 
erior root, bj forms a ganglion, that is, an enlargement of the 
nerve into an oval form, d, just after the nerve escapes from the 



there'? Give tSid origin and each division of these nerves. 115. How do thess 
nerves arise from the spinal cord 7 VHiat is the peculiarity of each posterior root '' 



Digi 



tizedbyUOOgle 



104 



THE NfiKYfit 

Fig. 77 B, 




Bm&nl diitribntion of the nerres of the systen. 



Digitized 



by Google 



THE NERVES. 



105 



intervertebral foramen. At a little distance from the ganglion 
the two roots unite to form one nerve, e, and every branch of the 
nerve in its distribution through the body contains fibres of each 
root. 

The sub-occipital nerve and the first three cervical are dis-. 
tributed to the muscles of the neck and the integuments of the 
head. 

The four inferior cervical and the first dorsal nerves unite to 
form the axillary plexus, (7, ^. 76,) (a network of veins, fig. 
78, produced by division of 
nerves into several branches, 
and their crossing, re-cross- 
ing, and interlacement,) from 
which the nerves of the upper 
extremities proceed. 

All the dorsal nerves, (5,) 
except the first, are distribut- 
ed to the muscles and integu- 
ments of the back, thorax, and 
abdomen. 

The lumbar nerves, (8,) 
form the lumbar plexus which 
rests on the spine in the lower 
part of the abdomen. This 
plexus furnishes the nerves to the muscles and other parts con- 
tained within the pelvis. 

The sacral nerves form the sciatic plexus, which is situated 
below the lumbar plexus and within the pelvis. It ^nishes the 
nerves to the lower extremities. 

116. Such is the general distribution of the nerves of the 
tcad and spine; but throughout the system they interchange 

How is the whole nerve finally formed ? What are the nerves which supply th* 
neck and head ? How are the upper extremities supplied ? What is a plexui ^ 
What is the distribution of the dorsal nerves ? What of the lumbar nerves 1 H«w 
tre the lower extremities supplied 1 116. What is the effect of the interchange ot 




A plexus or network of nerves 
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filaments so frequently that a common sympathy is established 
between all parts of the body. 

m."^' Tht Great Sympathetic Nerve, 

117. This nerve, (fig. 79,) consists principally of a chain of 
ganglions, situated on each side of the spinal column in the 
neck, thorax, abdomen and pelvis. Three of these ganglions 
are placed on the cervical vertebrsB, twelve on the dorsal, five 
on the lumbar, and generally three or fbur on the sacrum. The 
ganglions are connected together by short nerves. Each spinal 
and several cranial nerves isend filaments to the ganglions. It is 
then a system of ganglions connected together and to the gen- 
eral nervous centre of the body at a large number of points, by 
nerves ; and from it arise at different points other nerves having 
peculiar functions,, and distributed to the lungs, the heart, the 
arteries, and to the viscera of the abdomen. 

TV. Functions of the Nerves. 

The nerves may be divided, according to their functions, into 
four classes. 

118. (1.) 77ie nefi'ves of special sefosihUity, These are the 
olfactory nerve, which conveys only the impression of odors ; 

•"the optic, which conveys only impressions of light ; the lingual 
branch of the fifth pair, which conveys only impressions of 
savors ; and the auditory, which conveys no other impressions 
than those of sound. 

Under peculiar circumstances these nerves may be affected by 
other means than those which ordinarily excite them. Thus, 
there may be a sensation of light occasioned by a galvanic 
shock.^^ There may be a sensation of distant thunder, or of 
ringing of bells, or music, occasioned by a diseased state of the 

3' For a similar reason, a person who has fallen upon his head, will 
describe the sensation by saying that he *< saw stars." 

filaments between the nerres ? 117. Describe the great sympathetic nerve. What 
is the distribution of the nerves coming from the great sympathetic ? Iifto how 
many classes are the nerrei d.vided? 118. What are the nerves of special sens! 
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head ^ It is to be supposed in such cases that the nerve, bj 
onosaal means, is brought into the same state into which it 
would be brought by the presence of its ordinary stimulus. 
The inference then is, not that the nerve is insensible to the 
influence of other physical agents, but that it can convey to the 
brain only particular impressions, those for which it is specially 
fitted. 

119. (2.) J%e nerves of general sensUfilitff. The fifth pwr, 
or tngemini, with the exception of the lingual branch, is the 
nerve of general sensil»lity to the organs of the senses. It can- 
not convey the impression of odors, light, savors or sound. Its 
action is, however, necessary in producing these impressions ; 
for when it is severed or injured, the nerves of special sensibility 
lose the power of conveying their appropriate impressions. 

120. The posterior roots of the spinal nerves are the nerves 
of general sensibility of the body. These nerves convey the gen- 
eral sensations of pressure, temperature, form, weight, &c.*^ 

There is another dass of sensations referable probably to 
these nerves and yet not with certainty. They imply particulat 
conditions of the body, and are in many cases of the nature of 
overseers to notify us of our wants. Among these sensations 
are those of htinger, thirst, nausea, fatigue, and several others. 

Besides these definite sensations there is an indistinct and 
diffused sensibility depending upon the nerves. They may be 
so active as to produce extreme excitability, or they may be so 
inactive as scarcely to convey to the mind the impression of the 
continuance of life, an absence of sensitive enjoyment. The 

88 The mind always refers the sensations produced by these nerves to 
the extremity of the neryes. Thus, a person whose limb has been am- 
putated, will, when the remaining part of the nerve is affected, refer 
the sensation of pleasure or pain to the part in which those nerves ter- 
minated, while the limb existed. • 

bility 1 How are thoe tensationi accounted for, when there is no external object 
eorreaponding with the sensation ? 119. What is the second class of nerves ? De- 
scribe the functions of the fifth pair. 130. What are the spinal nerves of general 
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state intermediate between these two is the only one consiB« 
tent with health and efficiency ; one in which there is a feebly 
observed but constant communication between the surface of 
the body and the mind— such an amount of sensation as to 
result in the general feeling of satisfaction and contentment. 

These nerves also act the part of sentinels. We have seen 
that they are most abundantly supplied at the surface of the 
body, and it is from without that danger is mostly to come. 
The pain which they cause when the surface is injured is both 
the warning of our danger and the motive to attend to it. These 
sentinels are in every part of the surface of the body, so that 
the point of a needle cannot be put down where they will not 
be found, and their warning is instantaneous, authoritative, and 
generally proportioned to the danger. To realize their impor- 
tance, we have only to reflect how constantly and seriously we 
should be exposed to injury from bums, wounds, bruises, &o., 
if we were deprived of this kind of warning. 

It is true that these nerves may also sometimes be very 
much in our way. Thus, in case of amputation or other surgi- 
cal operation, much suffering necessarily results from the sensi- 
tiveness of these nerves, without, so far as we can see, any 
direct advantage. But, in the first place, the sensitiveness from 
which we suffer under such circumstances has been the means 
of preventing the necessity of such operations more frequently, 
and in the second place, this high degree of sensitiveness exists 
only at the surface, so ihat such operations are less painful than 
we are accustomed to suppose — ^the bones, muscles, and other 
deep parts being very indifferently supplied with sepsitive nerves. 

121. These nerves are not essential to merely animal life 
They may be severed so that the individual will be insensible 
to any form of external injury^ and not even know whether his 

lensibility ? What are the functions of theie nerves ? What sensations are refer 
red provisionally to them? Describe the diffused sensibility referable to them. 
How do these nerves act as sentinels ? Why are they most abundant at the sur* 
(ace 7 In what reipeots are th«y on evil I How ia this evil oountervoted ? 131. Are 
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limbs are connected with his body or not, except as he learns it 
by the sense of sight, while he may yet possess perfectly the 
power of motion, and while the appetite, digestion, and general 
health are unimpaired. Cases have occurred which justify 
these statements, and they have been proved by experiments on 
the lower animals.^ 

122. There are some peculiar adaptions in these nerves 
to the kind of sensitiveness required. Thus, the exposed part 
of the eye is extremely sensitive to particles of dust, which, if 
allowed to collect, would soon destroy its transparency ; but 
sensitiveness to violent injury would answer no good end, and 
accordingly hard pressure upon the eye — and even piercing it, 
in Operation for cataract — is not very painful. In like manner, 
the muscles of the iris are sensitive only to light ; nor are they 
sensitive to light thrown upon them, but to light admitted into 
the eye, the object being to graduate the quantity of light 
which the eye receives. In accordance with the same principle, 
the brain, which could receive no protection by a high degree 
of sensitiveness, is nearly insensible, so that considerable por- 
tions of it have been, in some cases, removed without producing 
pain. 

There is another adaptation seen in the sensitiveness varying 
with the need for it. The bones, cartilages, tendons, &c., 
have ordinarily but little sensitiveness, but when inflammation 
takes place in them they become painful in the extreme. It is 
only when they are in a diseased condition that susceptibility to 
pain could do us any good. Its severity is proportioned to the 

39 There was a person in London, some years since, in whom, on one 
side of the body, the nerves of sensation alone were perfect^ and on 
the other side, the motor nerves, and those alone, were capable of per- - 
forming their function. 

these nerves absolutely essential to animal life ? 122. Give instances in whicb 
the nerve, by the kind of sensation that it can convey, is adapted <o the wants 
of the part to which it is distributed. Show how the variations of sensitive 
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orgencj of the case, for these deepnseated inflammations are 
always of a more serious character than the superficial ones. 
On the same principle any part becomes specially sensitive 
under inflammation, in order to compel us to care for it while 
it needs care. 

Of a somewhat similar character is the relation of the 
nerves of sensation^ those of motion, when under the influence 
of intense cold. When any part is in danger of freezing, the 
sensitive nerves occasion severe pain, and we are thus admon- 
ished, of our danger. But while the nerves of motion still 
retain their power, and there is therefore a possibility of 
making farther efforts to secure our safety, the sensitive nerves 
lose their power. The cessation of the pain frees us from the 
continuance of suffering, while by the change it again warns us 
that there is still a last chance of safety. 

123. (3.) The nerves of voluntary motion. Four pairs of the 
cervical nerves are connected with the voluntary motions. The 
motor oculi, the trochlearis, and the abductor oculi govern the 
motions of the eye, and the hypoglossus governs the motions of 
the tongue. 

The anterior roots of the spinal nerves are the source of all 
the other voluntary motions of the system. Although there is 
this distinction of ftmctions between the anterior and posterior 
roots of the spinal nerves, yet they sustain a most intimate rela- 
tion to each other. The anterior roots are the means of com- 
munication between the organ of the mind and the muscles, by 
which motions are produced, while the posterior roots are the 
means of communication between the muscles and the organ of 
the mind. A common form of expressing this relation is, that 
the nerves of motion carry the mandates of the will to the mus- 
cles, and the nerves of sensation convey back to the mind a 

ness are an adaptation to the wanti of the system. How are the different capabili. 
ties of the nerves of sensation and of motion to resist the effects of cold a provision 
for our protection 7 133 What is the third class of nerves ? What are the cranial 
nerves of this division and what motions do they control ? What are the spinal 
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knowledge of the condition of the muscle ; they inform the 
mind whether or not its mandates have been obeyed. Thus the 
circuit is coijcipleted when it commences at the brain. At other 
times it may be regarded as originating in some circumstance 
" exterior to the body, a knowledge of which is conveyed to the 
mind by the nerves of general or special sensibility, and the 
mind controls the muscular action as the Jmowledge communi- 
cated may render desirable. 

124. (4.) Tke nerves of involvmia/ry moiion. The nerves 
which control the involuntary motions of the system are the 
facial portion of the seventh pair, the eighth pair, and the great 
sympathetic nerve. 

The facial nerve is the one upon which depends the expression 
of emotions in the &ce, such as joy, grief, fear, anger, revenge, 
&c. These motions of expression may, by long practice, be 
brought, to some extent, under the contrd of the will, so that 
when the emotions exist they shall not be depicted in the face, 
or so that there may be expression of them in the face when the 
emotions do not exist.*> But this control is generally very im- 

*o It has, however, been said that some actors have obtained so com- 
plete control over this nerve, that they could not only give the expres- 
sion of any emotion at pleasure, but ^at, to some extent, they could 
represent one class of emotions, by one side of the face, and another 
class, at the same time, by the oppoiute side. 

The aborigines of this country have great power, not in giving the 
expression of emotions which do not exist, but in suppressing the ex- 
pression of emotions which tHey do feel. Hence the comparison, " im- 
passible as an Indian." They are said to have cultivated this power 
from the desire to prevent Europeans from thus learning their wishes, 
and taking advantage of them. 

The ^tnwilUngness which many person feel to exhibit their emo 
tions is not natural, and can scarcely be justified. This susceptibility 
was given us for wise purposes. Why should we be unwilling to show 

nerrei of voluntary motion 1 Dencribe the relation between the nenrei of sensa 
tlbn and those of motion. 124. What is the fourth class of nenres 7 What nerves 
belong to this olass 7 What are the funotions of the facial nerve 7 To what extepii 
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perfect It is muoh easier to control the emotions than to con- 
trol the natural expression of them when they arise. Hence it 
is that actors strive to awaken the emotions in their own mind 
which they wish to represent, and allow the natural expression 
of them in the countenance, rather than attempt to give the ex- 
pression of them when they do not exist. 

The three parts of the eighth pair of nerves have separate 
functions. The glosso-pharyngeal directs the motions of deglu- 
tition ; the par vagum seems to act in conjunction with the 
great sympathetic ; and the spinal accessory directs those invol- 
untary motions of the neck and shoulders which take plaae 
in coughing or sneezing. 

We have seen that the great sympathetic is intimately associ- 
ated with the other portions of the nervous system by numerous 
filaments: It, however, seems to be, to a great extent, a sys- 
tem of independent nervous influence. The nerves which 
it gives off become associated with the branches of the par 
vagum, and together they form sheaths of nervous matter around 
the arteries ; they also collect in plexuses on the heart, the dia- 
phragm, the stomach, the kidneys, &c., to all which organs 
they supply the requisite nervous influence.^^ 

proper emotions ? and why should we not allow upon onrselves, this 
check against improper emotions? This inyolntary jnanifestation of 
emotions is one of the most pleasing elements of social life, while it is 
also a safeguard against injury, because it is the natural warning 
which excited passion always gives. We are most charmed by those 
whose emotions are strongly painted in the face, but we are always 
suspicious of the person who can keep his emotions to himself. 

*^ A fifth class of nerves, is generally introduced, which preside ofer 
the respiratory movements. As this motion is both voluntary and in- 
voluntary, it is controlled by both kinds of nerves. The involuntary 

may these motions become volnatftry ? What easier way to avoid or exhibit the 
expression of emotions ? What use do actors make of this fact 1 What is the dis* 
tribution and office of each nerve of the eighth pair ? To what extent is the great 
sympathetic connected with th« other portions of the aerroos system ? With what 
vTt ha branches associated 7 What is their distrit jtio^* «nd ofioe. 
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CHAlfTER n.— OF THE ORGANS OF THE SENSES; 

Section I.— The Sense of Sight, ' . 

125. The structure of the organ of sight may be considers J 
in reference to its external and internal parts. 1st, the external 
farts. The orbit of the eye is a deep cavity, situated in the 
upper part of the face and directly under the anterior lobe of 
the brain. The ball of the eye is lodged in the orbit, but does 
not entirely fill it. The space between the ball and the orbit is 
fllled with muscles and adipose substance. The muscles and 
their action have been described in Art. 81. The adipose sub- 
stance serves to fill up the irregularities of the orbit and as a 
cushion for the ball. 

The front part of the eye, so much as can be seen by lifting 
the lid, is covered by a very delicate membrane, the co'/tjundiva^ 
which possesses extreme sensibility to the presence of minute 
foreign particles upon the surface, and is therefore an important 
protection to the eye in maintaining its transparency. The eye 
is farther protected by the lidsy at the edges of which as a cur- 
taia, are attached cartilages, which keep the lids in form, and 
serve for the attachment of the muscles to open and close them. 

The lachrymal gland, (1, fig. 80,) about the size of an almond, 

are always active, yet the voluntary nerve can, for a short time, con- 
trol the action. Sir Charles Bell who first proposed this as a distinct 
division, also noticed a peculiarity in the origin of these nerves, name- 
ly that they take their rise in the upper part of the spinal cord from a 
lateral portion, intermediate between the voluntary and involuntary 
portions of the cord, as if the two had here blended into a common 
tract, for the purpose of giving to the nerves from this portion, this 
double character. 

Chapter II. SccTiorr I.— 136. What are the external parts of the eye ? Describe 
the orbit ? What besides the ball of the eye does it contain ? Describe the mtneles 
ef the eye. (See Article 81.) What is the conjunctiva? What is its office ? Des- 
cribe the eyelids. Br what mascle is the upper lid raised ? By what musoU is th4 
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lies in the upper outer part of the orbit, and furnishes, by several 



Fig. 80. 



ducts, (2,) a fluid secretion which 
is spread over the eye every fe^ 
seconds by the motion of the lids. 
Its object is to /prevent friction 
by the motion of the lid, to keep 
the sur&ce moist, and to wash 
off whatever may have fallen up- 
on it. This fluid collects finally 
at the inner comer of the eye, 
and is taken up by two capillary 
tubes, the puncta lachrymalia, (3, 
3,) and by them conveyed to the 
lachrymal duct, (4,) and is thence 
discharged into the nose.^ The 
current of air passing through 
ih© nostrils will generally cause the evaporation of whatever 
moisture is thus thrown into the nose. In a diseased condition 
of the eye, or from particular states of nlind,^ this secretion may 
be increased till the current of air does not take it up, or even 
so much that it escapes as tears outside of the eye. 

126.* 2nd. TIu interned parts of the eye. The ball of the eye 




1 The lachrymal gland. STheducta 
by which its secretions are con- 
yeyed to the, eye. 3, 8 The puncta 
lachrymalia. 4 The lachrymal duct. 



** The lachrymal duct is lined with a continuation of the membrane 
of the nose, and in case of colds, the lining is liable to become thickened 
80 much as to fill the duct. When it becomes permanently filled, a 
small metallic tube may be inserted, and is found to answer the pur- 
pose perfectly. When this is not done, the eye becomes inflamed, and 
the sight is in danger of being lost. 

^ This secretion is increased when any extraneous matter gets into 
the eye, for the purpose of washing it out. Why it should be increased 
by mental emotions, we do not know, yet such is the fact, and it is 
certain, that in some way, it does tend to mitigate the crushing in« 
fluence of deep grief. 



eye closed ? Describe the lachrymal gland ? How is the lachrymal secretion use 
ful? How is it disposed of? .What circumstances tend to increase this secretion f 
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is nearly a perfect sphere, witli the exception of the protuberant 
part (2, fig. 81) in front, which is a small segment of a smaller 

Kg. 81. 




Section of the Eye. 1 The sclerotic coat. 3 The comet. 8 The choroid oott. 
6, 6 The irif . 7 The pnpil. 8 The retina. 9 The ciliary processes from the cho- 
roid coat by which the crystalline lens is supported. 10 The anterior chamber of 
the eye. 11 The posterior chamber. 13 Tne crystalline lens. 18 The Titreous 
humor. 15 The optic nerve. 10 The artery of the interior of the eye. 

Sphere than the body of the ball. The ball is supported in its 
form by several membraneous layers. 

The outermost is the sclerotica^ (1,) a dense, opaque, mem- 
brane, commonly referred to as the " white of the eye," which 
forms an entire envelope for the eye, except a circle of about 
half an inch diameter in front. This space, the protuber- 
ant part of the eye, is covered by another membrane, the 
cornea^ which differs &om the sclerotica principally in being 
transparant. The iris (6) is a small membrane attached to the 
anterior edge of the sclerotica. The circular orifice (7) in the 
centre is the pupil. The iris is composed of circular and radiant 
muscular fibres (figure,. 82,) by which the pupil may be en- 
larged or contracted, so as to increase or diminish the amount 
of light adniitted into the eye. 

136. What is the shape of the eye-ball 1 By how many layers or coats is the eye 
surrounded ^ Describe the sclerotica. The cornea. Describe the iris. What It 
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Fig. 82. 




A view of the iris, 
showing the circular 
muscular fibres around 
the pupil, and the ra- 
diating fibres reaching 
to the circumference. 



The second envelope b the choroid coat. 
It is within the sclerotica, in contact with it, 
and is terminated in front by a thickened 
edge called the ciliary ring. The interior 
of the choroid coat is covered by a black or 
very dark pigment, the nse of which is to 
absorb any light which might otherwise be 
diffused through the eye.^ 

The innermost layer is the retina. It is 
formed by the optic nerve, wldch, after it 

Fig. 83. 




A Anv point of a risible object from which rays come into the eye through th# 
pupil, 1, 1, are oonrenred principally by the lens 3, 3, and brought to a focus on 
the retina at 4. 8, 8 The vitreous humor. 

passes into the eye, is spread out into a thin, delicate network, 
lining the whole interior of the eye, and is the seat of vision 

127. The eye is filled by three ti^ansparent substances, the 
object of which is to concentrate the rays of light which enter 

^ In imitation of this peculiarity of the eye, and to accomplish the 
same object, it is the uniform practice to blacken the inside (^ tele- 
scopes and other optical instruments. 

Jxe pupil .? lyhat it the second coat of the eye ? In what state is the interior of this 
eoat } What is the use of this pigment ? What is the third coat of the eye ? Dm 
«rib« the retina. 137. With what are these coaU tiled ? nescribe the yitreoiii hit 
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the eye The vitreow humor (3, 3, fig. 83) is in the j/OsMno^ 
part of the ball and occupies about four-fifths of its cavity. It 
is very similar in appearance to the white of an egg, but it is 
more viscid. The aqueous humor is a perfectly limpid liquid, 
situated in the front part of the ball. The iris is suspended in 
this humor and divides it into ante^or and posterior chambers, 
(10,11^.81.) The crystaUvnt body (12) is a solid double-con- 
vex lens, situated between the aqueous and vitreotrs humors, and 
is suspended in its position by filaments from the ciliary ring. 
This lens increases in density from the circumference to the 
centre, and the convexity of the posterior is greater than that of 
the anterior face. 

128. Light is the only appropriate stimulus of the nerves 
of sight. If we consider separately the rays which come from 
a single point of a visible object we shall see l^at they are neces- 
sarily divergent. Those which enter the eye we may regard as 
forming a cone, of which the point of origin, {Ay fig. 83,) is the 
apex, and the area of the pupil, (1, 1,) is the base. The ob- 
ject of the refracting media ^ of the eye is to bring all the rays 
of this cone to a point at 4. The cornea first acts upon the 
rays to diminish their divergenCi^. The aqueous humor slightly 
increases this divergence, but not enough to overcome the 
effect of the Copiea. In this state those rays which pass through 
the pupil and fall upon the crystalline lens (2, 2) are made to 
converge, and the convergence is so far increased by the vitre- 
ous humor (3, 3,) that when they reach the retina they all fall 
upon the same point, (4.) The retina, which is an expansion of 
the optic- nerve, and in which this point is situated, communica- 

^ Tliis is not the place to discuss the properties of U^t, and we 
must assume that the general laws of tiie refraction of light are 
understood. 

mor. The aqueous humor. How if it divided ? Describe the crystalline lens. 138. 
What is the physical agent in producing vision ? Why are the rays of light diver- 
gent as they enter the eye 7 What is the object of the refracting media of the eye 1 
What is the effect of each portion, and what is the final effect 1 When the ravs of 
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ting directly with tlio brain, the sensation of sight at once exists ' 
in the mind. How the focus of light on the retina produces 
sensation we can form no idea whatever ; we must receive it as 
an ultimate fact.*« 

It is a primary law of vision that any point of a visile ob- 
ject is seen in the direction, of a straight line from its focuSy 
(4, fig. 83,) on the retina^ through the centre (5) of the pupil. 
All the points of a visible object from which light can reach 
the eye will be represented by corresponding points, in the eye ; 
and these points on the retina, which, taken together, constitute 
a perfect image of the object, will, when seen together, convey 
to the mind a distinct idea of the object. 

It is the object of this sense to convey directly only ideas of 
the color of objects and .their direction from us ; but indirectly 
it becomes the most important of the senses, by giving us the 
ideas of form, solidity, magnitude, distance and motion. 
^ 129. It is obvious that theiiighest pomts of an object (A, fig. 
84) will be represented on the retina by the lowest points, 5, and 
the lowest points of the object by the highest points on the re- 
tina — ihat is, the pencils of light will cross at the pupil, and the 
image will be inverted. But the mind does not see the image 

^ It is important to fix in the mind, that we can form no idea how 
sensations are produced. We can trace the successive changes up to the 
brain, but we find noithing which would lead us to expect the result. 
When we examine the result, we see no reason why it should have 
been produced by the light, nor why light should be necessary. The 
study of nature, in every department, is continually bringing us to 
these limits of human power, compelling us to feel that these are not 
only unexplained facts but are, in their nature, inexplicable to be- 
ings of our limited capacities, and leading us to recognize, in all our 
investigations, the existence everywhere of an efficient 'Cause, which 
can be only God. 

light ar« bronght to a focus on the retina what is the effect ? How does it produce 
this effect ? What is the direction in which a visible point is seen ? If we see onlj 
points how do we see any object ? What ideas does the sense of sight give us di 
rectly ? What does it give IndirecUy 1 139 Why will the image in the eye be in 
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A and B Two points of a Tisible object. The pencil of rajt firom each point if 
brooffht to a separate and perfect focus on the retina, and each point is seen ia 
the direction from a or i through the centre of the puplL 

any more than it does the object. Each point in the retina 
upon which the ima^e is placed conveys to the mind an idea of 
ita true position as referred to the object. The point b is recog- 
nized to be at A in accordance with the general law above given ; 
the point a at B, and so of every other point, that is, objects, 
are seen erect and not inverted. 

130. Each point in one retina has a corresponding point in 
the other, and these two points sustain by our nature such a re- 
lation to each other, that when they are both acted on exactly 
alike, that is, by the same object, they convey to the mind the 
impression of but one object ; but if, by a slight pressure of one 
eye from its natural position, we cause the same object to be 
represented on parts of the retina, which are not corresponding 
parts, we see two objects, though there is but one. We there- 
fore see objects single, though seen by both eyes, because they 
affect corresponding parts in both retinas. 

131. As the refraction of a ray of light depends in part on 
the degree of obliquity with which it falls on the refracting sub- 
stance, it will be seen that the outermost rays, (D D, fig. 85,) 

verted ? Why then is not the object seen inverted ? 180. Why do we see objects 
single wk\ two eyes ? low may the eye be so affected that we shaU see two otjects 
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Fig. 86. 




The ray A O passing through the centre of the lens is not refracted at all. The 
rays B B are refracted somewhat, and come together at •. C C meet at A, and 
D D are the most refracted, and come to a focus at n. 

which come from a visible object, as they fall upon the lens more 
obliquely will be most refracted. If the lens be of uniform den- 
sity and have a spherical curve, the outer rays will be brought 
to a focus at n, nearer to the lens than those rays which are 
'more central. This is called spherical aberration. To obviate 
it and bring the focus of all the rays at A, the crystalline lens 
is more dense towards the centre, in order to increase its refract- 
ing power upon the more central rays. The peculiar form of 
(he curve of tiie lens on the back side also contributes to this 
end.*' 

*7 An adjustment is also necessary to prevent the effects of chro- 
matic aberration, that is, to prevent the image on the retina being 
colored, in consequence of the different degrees of refrangibility of 
rays of light of different colors. This explanation requires a some- 
what intimate acquaintance with optical principles. The eye is prob- 
ably not absolutely achromatic. Whatever correction for this aberra- 
tion is made, is due to the peculiar combination of solia and fluid lensM 
in. the eye. 

when ther» is bat one 'i 131 What is spherical aberration 7 How is it «orrecte4 

6 
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132. There are two circumstances in connexion with 
vision which are subject to constant variation, namely, the dis- 
tance of the object and the intensity of the light; and the 
eye has the power of adapting itself to these variations. The 
amount of light admitted is controlled by the iris. After being 
in a full light for a short time the pupil becomes so small by the 
contraction of its circular fibres, that upon entering a partially 
closedvroom we seem to be in utter darkness, so little light does 
the pupil admit. But very soon the radiant fibres of the iris 
contract, the pupil enlarges, and' enough light is received into 
^ the eye to give us distinct vision, though the light of the room 
remains the same. The object of the iris is to guard the retina 
from injury by exposure to too intense a light, and hence the 
muscles of the iris are not directly sensitive to light. It has 
been proved by careful experiment that light thrown upon the 
iris has no effect to oontraet the circular muscles, and the con- 
traction of the radiant muscles is not promoted by screening 
them from the light. It is the retina itself which, in some un- 
explained way, reacts upon the iris to effect the contraction and 
relaxation of its muscles. Thus the control of these muscles is 
given to the part which they are designed to protect. 

If rays of light come &om two points, (a and b, ^. 86,) it is 
Fig. 86. 




The rays from b which fall upon the lens A A, are nece«saril)r lesa divereent than 
those from the nearer point «r. As they diverge less they will require less bend- 
ing to bring them to a focus, or by the same bending they wiU come to a focus 6' 
nearer to the lens than a' the focus of rays from a. 

in the eye ? 133f V(^hat are the two varying circumstances to which the eye mu^ 
•adapt .>y|y£,^ ^o^ ^* ^^^ amount of light controlled ? Does strong or weak light 
coair^PEllltttion of the muscular fibres of the iris as it falls upon them ? How it 
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obvious that those which oome from the greater distanoe^ &, will 
have less divergence^ and will therefore come to a focus (at b') 
nearer the lens than those which have greater divergence. In 
order that this more distant object be distinctly seen, the retina 
most be brought forward from a' to &' ; and in looking at a it 
must again be set back. The eye certunly possesses this power 
of adaptation to different distances ; and it is probable that the 
action of the muscles may have the effect, in viewing distant ob- 
jects, of slightly compressing the eye, so as to bring the retina 
nearer to the pupil. 

133. There are persons whose eyes are naturally so deep 
that only those objects can be distinctiy seen that are very 
near : there are others in which the retina is naturally so near 
the pupil that only very distant objects are distinctly seen. In 
the first case, that of short sightednessj it is necessary to increase 
the divergence of the rays ; hence concave glasses (fig. 87) 

Fig. 87. 




A. cone of raji rendered more divergent by & concaTe lent a a, to remedy ehort 
siehtedness. The rays from a distant object by enter the eye with the same deeroe 
ofdiverKence by the aid of the lens that they would if, without the lens, they 
came from c. If the eye is adapted to see distinctly an object at c without the 
lens, it must also be adapted to distinctly see an object at 6 with the use of the lens. 

must be used. In case of long sightednessy it is necessary to 
diminish the divergence when Ujear objects are looked at, and 
therefore convex glasses (fig. 88) are required. 

134. There is sometimes an imperfection in some of the ap- 
pendages of the eye, by which they cannot move in such a way 

this action controlled? Why should the sixe of the pupil be controlled by 
the retina? VK^j is any adjustment necessary to see objects distinctly at 
different distances? How is this adjastm*it made? 133. What is the form of 
the eye in short sigk^^d persons ? To remedy this defect what change must 
be made ia the direction of the rays coming from distant objects? How is 
this change effected ? What is the peculiarity of the eye in long sightedness 1 
What glasses are required, and why? 184. In what does squinting consist 
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Fig. 88. 




A cone of rays r«nclered less divergent by a convex glass, to remedy 
long sightedness. 

that the corresponding parts of the two retmas shall be affected 
by the same object. Sometimes one eye is weaker than the ' 
other, and we insensibly torn it towards the inner angle to re- 
dace the amount of light receiTed. The first of these is sguirU- 
ingy and the last is crosseye. In both cases there is double 
vision ; the two eyes convey different impressions of the same 
object. The mind, however, soon accustoms itself to attend to 
but one of the impressions. By shading the eye and directing 
attention to its motions, crosseye may easily be cured. Squint* 
ing can be cured only by a surgical operation, and this is not 
always successful. 

135. The sight is improved by practice, like every other or- 
gan, but it requires care. There is no other organ more likely 
to be overtasked. This may be by using it too continuously 
without rest, or with too strong or too weak a light. Beading 
at twilight is a very common way of inflicting injury upon the 
eye. The evil first appears as a slight inflammation. If the 
cause of injury is removed and rest is allowed, it may generally 
be cured by frequent bathing of the eye in pure water, as cold as 
it will bear without pain. Any other eye waters are generally 
injurious, and should never be used, unless presifribed by a 
judicious physician. 

and how can it be remedied ? In what does looking crosseyed consist, and how is 
it to be remedied ? Do these defects of the eye produce doable vision 7 135. How 
is the eye liable to injury 1 How should the eye under such circumstances be 
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The eye is also apt to sympathize with a disordered condition 
of the general health. When this is the case the health and 
not the eyes requires attention. 



Section II, — The Seme of Hearing. 

1 36. The organ of hearing consists of the external ear, the 
ear tuhe, the tympanum, and the labyrinth. The external ear 
( 1, fig. 89) is a cartilaginous substance,. situated around the on- 

Fig. 89. 




The Ear. 1 The external ear. 3 The ear tube. 8 The membrana tympanl. 4 The 
tympanum. 5. The vestibule. 6 The cochlea. 7 The semi circular canals. 8 
The auditory nerve. 9 The eustachian tube. 

fice of the ear tube. It is probably useful to some extent in 
collecting the vibrations of the air and directing them towards 
the interna! ear. Yet, in cases where the external ear has been 

treated ? How does the general health affect the eye 7 How should the eye then 
be treated ? 

Section II. — 136. Of what does the organ of hearing consist 1 Describe the ex 
ternal ear. How do the lower animals differ from man in the form and use of the 
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destroyed or is wanting, the delieacy of hearing seems not to he 
sensihly diminished. In the lower animals the form of the ear 
19 more distinctly funnel-shaped, and is movahle at pleasure, so 
that it may he directed towards the ohjects from which sounds 
come. There are muscles suitahly situated for giving these mo- 
tions to the human ear, but, either from neglect or otherwise, 
these muscles are not under the control of the will. 

137. The ear tube (2) is a cylindrical cavity extending 
about an inch inward from the external ear. It is lined with a 
membtane continuous with the external skin, and in this mem- 
brane are situated numerous follicles from which the ear-wax is 
secreted. ^ 

138. The tympanwn (4) is a continuation of the ear tube 
for about a third of an inch, and is separated from it by a thin 
membraneous partition, (3,) the mmbrama tympam. The 
cavity of the tympanum has therefore no communication with 
the external air through the ear tube, but there is a long, fun- 
nel-shaped tube (9) proceeding from the upper and back part 
of the throat and opening into the tympanum. This is the 
JEusiachaintuhej&ndBeiYeB to keep the air of the same tension 
on both sides of the membrana tympani. The tympanum com- 
municates with the labyrinth by two small openings in the bone, 
of which the upper one is called the fenestra ovalis and the 
lower one is the fenestra rotv/nda. These windows are closed 

Fig. M. 




The boneg •{ the Ear. 1 The mallenB. 3 The incus. Just below the incus ii 

the small orbicular bone. 8 The stapes. 

I 

•ztemal ear ? 137. Describe the ear tube. 138. The tympanum. The Eustachian 

tupe. How is the tympanum separated from the ear tube ? How are the tympa 
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by an extension over them of the commoa lining membrane of 
the ear. Within the tympanum are four small bones, (seen 
separately in fig. 90,) the relative positions of which are seen 
in fig. 91. The first (the malleus) is placed against the inner 

Fig. 91. 




iLn ileal reprecentation of the principal parts of the ear. A The ear tube, separated 
by a membrane from B, the tympanum, abed The small bones of the tympan- 
um, a Rests against the membrane ^mpani, and its position may be slightly 
changed by the muscle/, d Rest against the membrane 3 of the fenestra orolis. 
8 Is tne fenestra rotunda. C May be taken to represent generally the labyrinth, 
and D, the membranous labyrinth, both filled with the liquor of Cotunuius. 

um and labyrinth connected 7 How does the mem 3rana tympani connect with tha 
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Burface of the inembrana tjmpani, and the other two (the incus 
and OS arbiculare) continue the connexion to the last (the 
stapeSf) which is placed against the membrane of the fenestra 
ovalis They are so arranged as to form a compound lever, 
and so connected with muscles (of which the muscle /, fig. 91 
is the most important) that the two extremities of the lever are 
exactly fitted at all times to their respective membranes. 

139. The labyrinth consists of the vestibule, the cochlea, 
ajid the semicircular canals. The vestibule (5, fig. 89) is a cav- 
ity about equal in size to a grain of wheat, and situated imme- 
diately beyond the fenestra ovalis. The anterior part of the 
labyrinth is the cochlea (6). It is of a pyramidal form and re- 
sembles a snail shell. Its spiral hollow makes two and a half 
revolutions, and is separated throughout its whole extent, except 
at its apex, by a lamina of bone. One division o£ the spiral 
terminates at the fenestra rotunda, and the other opens into 
the vestibule. The posterior part of the labyrinth consists of 
the semicircular canals^ (7,) which are three bent tubes, the 
planes of which are situated at right angles to each other, 
and which open into the vestibule. These parts, lined with 
a delicate membrane, constitute the osseous lahyrirUh. Be- 
sides this, there is a membraneous labyrinth^ of the same form 
as the osseous, (with the Exception of the cochlea,) and lying 
within it. The parts of the labyrinth, highly magnified, are 
.seen in ^. 92. The general relations of the several parts 
of the ear (but not the form) will be gathered most readily 
from fig. 91. 

140. The auditory nerve, (8, fig. 89,) which is a portion 
of the seventh cranial pair, is distributed over the interior of 
the osseous labyrinth, and over the exterior and interior sur- 
facjps of the membraneous labyrinth. The cavities of both 

fenestra ovalis ? 139. Of what does the labyrinth consist ? Describe the vestib lie. 

The cochlea. The ^miclrcnlar canals. Thp membraneous labyrinth. 140. Giv« 

' the distribution of the auditory nerve. What is the object of the lining membrant 
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T\te labyrinth distinct from the bone in which it is situated, and highly nat^nified. 
1 The cochlea. 8, 3 The spiral tubes of the cochlea. % 3 The lamina of D^ne by 
which they are separated. 7 The yestibule. 8 The fenestra rotunda. 9 The 
fenestra ovalis. U, 13, 13 The semicircular canals. 

labyrinths are filled with a limpid, transparent liquid, se- 
creted from the surface of the lining membrane, and called 
the Uquor of Cotunnius, It is not known how this secretion 
contributes to the sense of hearing ; but it is found that when 
it is wanting deafness is the result. 

141. The vibrations of the air enter the ear tube and 
reach the membrana tympani. The motions which it receives 
are transmitted, by the system of bones within the tympa- 
num, to the membrane of the fenestra ovalis. The same 
motions are also transmitted by the air within the tympanum 
to the membrane of the fenestra rotunda. Thus the two mem- 
branes which connect with the labyrinth are acted upon by 

of the labyrinth ? 141. Describe the course of the vibrationsof the air till they reach 
the nerve. If the membrana tympani were destroyed how would the Tibrationi 
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tibe vibrations of the air,. and oommunioate those yibrations to 
the liquid of the labyrinth, in' which the nerves of hearing 
terminate. 

Thus far we can trace the physical causes upon which hearing 
depends. ^ We know that these nerves must be compressed by 
each vibration, that they extend to the brain, and that the im- 
mediate consequence is heiuring. But why this compression of 
the nerve should be thus followed, or what effect the several 
parts of the labyrinth have, is entirely unknown. 

142. These vibrations of the air are produced by the vibra- 
tions of some solid substance. Thus, if the string of a musical 
instrument be drawn aside from a right Hne, and left to its own 
tension, it will not only return to .a right Hne, but the velocity 
acquired will carry it nearly as far to the opposite side as it had 
at first been drawn from its natural position. This oscillation 
will continue for some time, and will communicate a vibratory 
motion to the air. The same vibrations may be communicated 
in farious ways, as by a bell, the prongs of a tuning fork, the 
springs of an accordeon, or the vocal cords of the larynx, &c. 
It is these atmospheric vibrations^ which are transmitted to 
the auditory nerve, and convey the sensation of sound ; for if 
the vibrations of any sonorous body, as of a bell, be produced 
in a bell-glass, from which the air has been exhausted, no sound 
will be perceived. 

143. It is, however, not essential that the medium of com- 

'^ What ever will facilitate the transmission of these Tibrations, will 
as»st the hearing. Thus, a speaking trumpet, enables the speaker to 
give greater force to the vibrations in a particular direction. In a 
large room where many persons are talking, or where machinery is in 
operation, the Toice is scarcely audible, the vibrations are so much 
interfered with. But by speaking through a continuous lube the 
voice may be sent to various parts of a building and be heard distinctly. 

reach the nerve ? How if the gentatioii of hearing produced 7 143. How ere the 
vibretiottf of L- 1 air produced ? How if it proved that the aif if the medlaia of 
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municating them should be the air. Solid substances ate good 
conductors. The tick of a watch held in the mouth will bo 
scarcely heard till it is allowed to touch the teeth, when the 
sound will become distipct. The earth, ice, and even w^ter, are 
good conductors of sound.*' . r 

144. The pitch of sound depends upon the rapidit^ of the 
vibrations. The lowest tone, that is, the least liumb^Df vibra- 
tions in a second which the nerve is capable of recognizing, is 
about thirty-two ; and the greatest number, that is, the high- 
est note, is about twelve thousand.^ 

145. In order that this sense be perfect, the whole appa- 
ratus in a perfect state is required ; and yet the external ear 
may be lost and hearing still remain ; the membrana tympani 
may be broken, and the vibrations may still reach the nerve 
through the air which is in contact with the membrane of the 
fenestra rotunda; and" even when all these means are taken 
away the nerve may be, to some extent, affected by vibrations 
communicated to it through the bones of the head. But when 

^ It is said that the discharges of caiiM)n at the battle of Banker's 
Hill were heard at a distance of a hundred miles by placing the ear 
to the ground. The Indians of the prairies, are in the habit of apply- 
ing their ear to the ground to ascertain whether droves of wild'horses 
\re approaching. The conducting power of solids, can be well shown 
yy aj^lying the ear to one end of a long stick of timber, and letting the 
other end be slightly scratched with a pin ; a very feeble sound will be 
transmitted a hundred feet, and seem to be scarcely diminished. A 
person will be convinced of the conduction of sound by water if he will 
put his head under water, and strike two stones together ; the sound is 
much greater than in the open air. 

fio There is, however, very great diversity. There are persons whose 
organs of hearing are not susceptible to particular sounds, though they 
readily hear higher and lower notes. 

.ransmission ? 143. What other substances besides the atmosphere will act as cot • 
luctors of vibrations. 144. What is the difference between a high and a low tone ? 
f^hat is the range of vibrations which are audible 1 146. How much of this ap 
^sra^s is essential to hearing ? What parts may be lost without destroying th* 
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the nerve itself is injured hearing is impossible. Hearing seems 
to be destroyed aUo by the absence of the liquid in the labyrinth. 

146. There are, however, several ways by which hearing 
may be more or less interfered with. The membranes may be- 
come rigid or thickened, and can be restored only by a gener- 
ally improved condition of the system. The secretion in the 
ear tube may be excessive and fill the tube, or it may harden on 
the membrana tympani. This can generally be relieved by 
softening the secretion with a few drops of sweet oil in the ear, 
and after an hour or two syringing the ear with soap and warm 
water. If this treatment does not in a short time give relief, it 
is because the deafness depends upon other causes, and no ex- 
ternal application can avail. Dea&ess may arise from a closure 
of the Eustachian tube. As the lining of this tube is the samor 
membrane that lines the nasal cavities, a cold, that is, an inflam- 
mation o( this membrane, is very likely to increase its thickness 
so as to fill the tube. In such cases the deafness will generally 
subside with the inflammation. When the tube becomes closed 
by the permanent enlargement of the tonsils, it is necessary for 
the deafness as well as for the general health that they should 
be removed. 

The ear becomes exceedingly painM in consequence of such 
a degree of inflammation in the ear tube as to bring on nlcera- 
tion. The inflammation should always be checked if possible in 
an earlier stage by cold applicadons, or, if necessary, by local 
bleeding, such as cupping or leeches. 



Section III. — 7%e Sense of Smelling, 

147. This sense has its seat in the surface of the outer part 
of the air passages to the lungs ; and it seems to depend for its 

sense 1 146. What are among the ordinary causes of deafness 7 How is each to b* 
trMtolt 
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acateness upon the amount of stlrface over which the nerve 
is spread. In order to increase this surface, in the first place, 
there are three thin sheets of bone, (the turbinated bones,) 
which lie partly rolled up within each nasal cavity, ( 1,2, 3, fig. 
93.) In the second place, there are several cavities in the 

Fig. 98. 




A Tertioal leetion of the bonei of the face a little forward of the eart . 1, 1 Low&t 
ipongj bones. % 3 The middle spongy bones. 3, 3 Superior spongy b-t*nes. 4 
Antrum maidllare. 

bones of the head and face, not otherwise employed, which are 
made to communicate with the nasal passages and form part of 
the nasal surfaces. Two of these are the antra maxillaria and 
the frontal sinuses. 

148. Over all these surfaces is spread the Schneiderian 
membrane^ the object of which is to deposit a mucous secretion, 
by which, in a healthy state, they are continually moistened. 

149. The olfactory nerve enters the nasal cavities through 
the sieve-like apertures in the ethmoid bone, and branches are 
distributed by division and sub-division over every part of this 
membrane. 

150. It has been doubted whether odors consist of material 

Sbctioit III.— 147. Upon what does the aouteness of this sense depend ? How are 
natal sarfaeei increased ? 148. How are these surfaces covered 1 140. What is 
the distribution of the olfactory nerre 7 lOO. Describe the process by w^ch smel 
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particles emanating from odoriferous bodies ; whether, for in 
stance, material particles escape from the rose to difiFdse its odor ^ 
for, in the first place, the continual escape of odors does not seem 
to diminish its substance, and in the second place, analyses do 
not detect the chemical particles of which its odors consist. 
In many other cases, however, they are known to be material, 
and it is presumed they always are. But, whatever be Jieir 
nature, these odors, diffused through the atmosphere, are drawn 
into the nose, and coming in contact with filaments of the olfac- 
tory nerve, the impression of them is conveyed by the nerve to 
the brain, and the sensation of smelling is the result. 

151. It hfUB been noticed that the nasal surfaces constitute 
the sides of the usual air passages to the lungs, so that the same 
muscular effort which is expended in respiration causes a cur- 
rent of external tkir, with whatever odors it may contain, to pass 
over these surfaces and come in contact with these nerves. It 
is also to be observed that the turbinated bones, while they in- 
crease the surface over which the olfactory nerves are spread, 
partially fill up the spaces, so as to require the air in passing to 
come more in contact wi£h the surfaces thus increased. ' And 
whenever we wish to stimulate this sense to the utmost, we vol- 
untarily compress as much as possible the air passages, and cause 
the current of air to strike upon them with considerable force. 

152. This sense may be useful to some extent in assisting us 
to discriminate between useful and hurtful food. Possibly it is ' 
useful in removing from the air some elements which, if taken 
into the lungs, might be hurtfiil. It is unquestionably service- 
able as a warning against noxious vapors. And yet it seems to 
be. the sense least essential to our existence, and having more 
than any other sense for its special object, simply to increase the 
enjoyments of life. 

iing is prodnced 7 151. What are the adTanUget of making the air paf«ag»)* and 
the naial caritief the i ame ? How if the air made to come in clote contact with the 
natal lurfaoes ? How do we Toluntarily increase the effect of odors 7 169. How 



Digi 



tizedbyUOOgle 



THE SENSE OF l.STINCJ. 135 

153. The sohneiderian membrane is so situated as to be, 
perhaps, the most exposed of any part of the system to yaria- 
tions of temperature ; and these changes often produce the in- 
flammation and secretion which we speak of as a cold in the 
head. But this membrane is also always liable to indirect dis- 
ease, by taking on the extra labor of the system when the excre- 
tions have been checked in other parts. Hence, a cold is like- 
ly to show itself in the nasal cavities first, and the excessive se- 
cretion indicates not so much a disease of that membrane as of 
suppressed action elsewhere, generally of the external surface. 



Sedion IV.— The Sense of Tasting. 

154. This sense has its seat in the tongue, and, to some ex- 
tent, in all parts of the mouth. The tongue is covered with 
fine filaments called papillcBj which give it a velvety appear- 
ance. Oq the edges of the tongue there are also other papillae, 
of larger size, conical form, and brighter color. These papillae, 
of both kinds, but particularly the larger ones, contain the ter- 
minations of the lingual branch of the fifth pair of cranial nerves. 

155. Substances which are capable of solution and of ieing 
tasted are called sapid substances. When the saliva contaioing 
such substances in solution flows around these papillae, the im- 
pression -which they make upon the nerve within is oommuni- 
cated to the brain, and the sensation of tasting is produced. 

156. When substances which produce an agreeable taste 
are placed in the mouth, there is an increased secretion of the 
saliva'^' to facilitate the solution of it and promote the gra- 

Bi To promote this increased action of the Balivary glands, it is not 
necessary that the substance should be placed in the mouth. The 

i« thU sense useful? 153. What is a direct cause of disease in this membrane? 
What is indirectly the cause of diseased action ? 

SscTioif IV. — 164. VHiere is the sense of tasting situated ? Describe the surfiac e 
of the tongue, and the distribution of the nenre of taste. 155. How is the i ensation 
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tificatioB of tliis sense. The taste is also rendered more acute 
by pressing the tongue against the roof of the mouth, and thus 
bringing the particles which produce the impression in closer 
contact with the nerves^upqn which the impression is produced 

157. Attempts have been made to classify the varieties of 
taste, though with but little success. They are, however, more 
distinct than the varieti^ in the sense of smell ; for they have, 
to some extent, received distinct names, such as sweet, acid, 
bitter, metallic, e^. 

158. The taste is a sense of importance to us in enabling us 
to discriminate between wholesome and hurtM food. It is 
a general rule that those substances which are agreeable to the 
taste the stomach will easily digest, and those which are not 
agreeable, if swallowed, the stomach will not act upon and is 
disposed to reject. A person with a disordered state of the sys- 
tem, or when recovering from a long illness, may desire the 
most hurtful kinds of food ; the . taste may also be perverted by 
the use of tobacco, alcoholic drinks, or food seasoned to excess ; 
but these are exceptions which do not invalidate the rule nor 
diminish its practical value. 

159. The taste, though capable of being abused in this ca- 
pacity quite as much as any oiher faculty, is yet one of the 
prominent sources of innocent physical enjoyment ; and it is in- 
tended |d be so, not ^mply for the enjoyment which it affords, 
but al8(ras the natural motive to us to take food. The act of 
eating is not made compulsory upon us and removed from the 

Bight, or sometimes the thought, of any substance particularly gratify- 
ing to the taste, will have this effect, make the mouth water. The 
effect is a physical one, but the cause is a sympathy between the state 
of the mind and the action of the gland, of which we can only record 
the fact without giving any explanation. 

produced 7 166. In what two ways is this sense rendered more vcate. 157. HoW 
are the varieties of taste indicated ? 15S. What is the prlneipal u«e of the sense d 
taste 7 What is the general rale^y whio i the taste should govern as in the seleo 



Digitized 



byUoogle 



.... J 



TiiE SENSE OP FEELINO. J 3^ 

f- ■ 

control of the will lest we should forget it, sus that of breathing 
is, but it is specially stimulated by the gratification of the sense 
of taste, which is necessarily connected with it. As we naturally 
seek to prolong this gratification, it encourages us to take our 
food not too rapidly, to masticate it "sufficiently, and to mingle it 
thoroughly with the saliva, all of which are essential to continu- 
ance of health. 



Section V. — The Sense of Feeling. 

160. This sense has its seat in the skm and exists on tne 
whole surface of the body, but is more acute in the hands and 
at the ends of the fingers. 

161. The skin is composed of two principal layers. The 
outermost is the cutide (1, 1, fig. 94). It is this layer which is 
raised by scalds or blisters. It is destitute of nerves or blood- 
vessels and is regarded as merely a secretion from the true skin 
and hardened by exposure. At the under surface of the cuticle 
is a thin layer, (2,2), consisting, not of a network, as was for- 
merly supposed, and from which supposition it was called the 
rete mucosum, but of unorganized gelatinous matter. It is se- 
creted as the cuticle is from the true skin, but has not become 
hardened. It is in fact cuticle in a state of formation. It 
contains the coloring matter, which is so abundant in the Afri- 
can " and some other races, and which is never wholly wanting 
in the healthy European. Its color, always more or loss dark, 

^ In the Albino there are the features and all the peouliarities of 
the AfricaiT, except a total absence of color. 

tion of food ? What are excej/^iOns to this rule ? 159. How is this sense made sub- 
servient to the continuance of life ? How to the preservation of health 7 

Section V.— -160. Where is this sense situated ? 161. Of how many layers is th« 
skin composed "* Describe the cuticle. The layer in which the coloring matter if 
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THS SENSE OF FEELING. 
Fig. 94 




1 1 The eaticle. 3, 3 The colored layer. 4, 4 The network of nenres on fre i nr 
foce of 6, 6, the true skin. Filaments of nenres jgo from this network into the 
papUlaew 8, 8, 8. 6, 6, 6 Nerves which divide to form the network. 

varies with the race, the temperament, and the habits of the 
individoar 

The hair and nails are of the same nature as the cuticle, be- 
ing secretions simply, and containing no nerves or blood-vessels, 
and possessing no vitality. The hair is formed in a sac or fol- 
licle, (3, 3, fig. 95)', situated in the substance of the true skin, 



Fig. 95. 




A hair folUcle. 1 The 
root of the hair. 2 The 
cellular tissue below 
the cuticle 6, in which 
the follicle 3, S is im- 
bedded. 



and passing through the cuti- 
cle by a narrow opening. (4.) 
In the bottom of this sac is a 
conical papilla, (1,) which is 
supplied with blood-vessels 
and nerves. This cone se- 
cretes a partially fluid sub- 
stance upon its surface, and 
as one layer becomes hardened 
another is secreted and pushes 
the first one forward. It is 
this succession of hollow cones, 



Fig. 98. 



A single haif 
hair, magni- 
fied to show 
the succes' 
sion of cones 
of which it is 
formed. 
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each withiu the preceding one (fig. 96) of which a hair consists 
The apex of each cone contains the coloring matter .upon whidh 
the color of the hair depends. 

The nails are developed vl a very similar way. Each nail 
may be regarded as a hair increased in size and flattened, or as 
a succession of h^rs placed side by side, and the several sacs in 
which they are formed coalescing into one of sufficient width to 
receive the root of the nail. 

The true skin (5, 5, fig. 94) is a dense, elastic membrane, 
situated in contact with the muscular parts of the body and de- 
fends them from injury. It is covered with a plexus of nerves, 
(4, 4), and the terminations seem to be coiled up so as to form 
little mounds, (8, 8,) which are called papiUae. On the'ends of 
the fingers they are most abundant and disposed in rows. They 
contain the nervous filaments from the posterior roots of the spi- 
nal nerves. 

162. Almost all of the physical properties and states of 
bodies, such as form, hardness, locomotion, vibration, tempera- 
ture, etc., are capable of acting upon the nerves of this sense. 
The nerves convey these several impressions to the brain, where 
the sensation is produced. 

163. This sense, when specially trained, (as it often is by 
those' whose business it is to judge of the fineness of fabrics,) be- 
comes very acute. In blind persons it almost answers the pur- 
pose of sight. By this sense they read rapidly with raised let- 
ters, and sometimes without the letters being raised. But it is 
of the highest importance to us without this special training. 
It is most favorably situated, at the extremities of the fingers, 
for extensive use. Scarcely any common employment, such as 
the use of the needle, could be carried on without it ; but it is 
more indispensable in those processes which require special skill. 

found. Upon what doM its quantity depend ? Describe the true skin. 1G2. How 
is the sense of feelinjp produced ? 163. Under what circumstances does this sense 
become speeiaUy trained 7 TVhat is a use in an ordinary state 7 164. How is I 
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164. It communioates certain kinds of knowledge which W9 
could not receive in any other way. We could not, for instance, 
have the idea of* solidity, of the existence of material bodies, 
without this sense. It is also less likely to be deceived than 
most of the other senses, and hence it is employed to verify the 
evidences of the other senses." It is also made to co-operate 
with other senses : thus, we judge of distance by sight ordinarily, 
but not till we have learned by the sense of feeling at what dis- 
tances certain differences take place in the appearance. We 
judge of form by the dight, but we first determine form by the 
sense of feeling, and then connect the ideas of the various forms 
with the impressions which they produce on the organs of sight. 

166.* The systems of organs which we have hitherto con- 
sidered are subject to periodical suspension of their functions, 
constituting sleep, Afler giving attention to some of the processes 
of the repairing system, we shall be better prepared to under- 
stand the necessity in the system for this suspension of activity 
But the necessity exists, even if we can assign no reason for it. 
It is so far subject to the will that, if we choose, we can gener- 
ally defer it several hours, but beyond a certain period it is im- 
possible to resist the demand for it. The eyes close involun- 
tarily ; the voluntary muscles refuse obedience to the will ; the 
external senses cease to act ; all intellectual operations are sus- 
pended, and sleep inevitably supervenes. 

166. The amount of sleep needed varies with the tempera- 
ment somewhat, with the age, the health, and the degree of in- ^ 

^ And Thomas said : " Except I shall see in his hands the print of 
the nails, and put my finger into the print of the nails, and thrust my 
hand into his side, I will not believe. Then Jesus saith to him : 
Reach hither thy hand, and thrust it into my side, and be not faith- 
less but believing.^* 

essential in the acquisition of certain kinds of knowledge 7 With what sense doei 
it chiefly co-operatein making us acquainted with the external world? 165. 
What is sleep 1 To what extent is it subject to our control ? 116. How jnucb 
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diligence which a person will allow himself; but the amount 
absolutely required by an individual who has acquired his full 
strength depends simply upon the amount of. activity, physical 
and mental, which is put forth. From five to eight hours may 
profitably be given to sleep. Eight hours is probably better 
than less. It is mistaken economy to attempt to reduce the 
amount of sleep below what the system craves. 

167. It is, however, possible so to train the powers that 
some of them may be either not at all suspended, or but ver^ 
partially so. Thus, a person may accustom himself to sleep 
while riding on horseback, but there must be the continued ex- 
ercise of sufficient muscular effort to keep the erect position. 
^A physician will accustom himself to sound sleep in every other 
respect, while the sense of hearmg is so far awake that his own 
name, though spoken in a low voice, will always arouse him. 

168. With most persons, however, sleep is for several hours 
complete ; that is, all of the faculties which are subject to it are 
completely suspended. But the continuance of this suspension 
is not the same for all of the faculties. Some, which have be- 
come sufficiently rested, begin to act before the others are 
aroused. Some persons plan their business for the day while 
the muscular powers and the senses are still asleep ; the mind 
being first sufficiently rested fo9 renewed activity. Under the 
same circumstances there is no doubt but that difficult problems 
in the arts and mathematics have been solved. It may be called 
dreaming, but it is simply an energetic action of the intellectual 
powers, rendered more perfect, because none of the powers of 
the system are otherwise employed, and because the succession of 
thoughts is not interfered with by impressions coming from 
without. When the powers of volunta^^ motion are awake and 
the others are asleep, the person may take the most active ex- 
ercise, or walk, sometimes for miles, without arousing the other 
powers. 

ileep ii necMsary ? 167. Do the facultiei aU sleep ? 168. Do they aU require tht 
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169 Inoubus, or nightmare, admits of a similar ezplana 
tion. When the mind first awakes, the train of associations 
may, from various causes, be of a disagreeable character. Par- 
ticular ideas may have been so constantly in the mind before 
sleep came on that they most readily return. The imminent 
danger from which we had escaped the previous day may have 
impressed us so vividly, that the thoughts of it first occur to the 
mind when its powers are aroused. A sudden noise, an un- 
comfortable position, cold, feet, or disturbed digestion, may pre- 
dispose the mind to alarming conceptions. Every concejption 
is, by our constitution, attended with a belief of the existence 
of the object to which the conception corresponds. In case of 
incubus, the object of conception does not exist, and yet, as the 
senses, which are the corrective agents, are asleep, there is 
necessarily a belief that it does exist. There is no avenue 
open by which a person ^s mind can be- reached to. convince him 
Uiat hia conception is erroneous. He therefore suffers all that 
would result from real danger ; at the same time the power of 
muscular action is asleep, and ho can make no efforts to relieve 
his condition. 

170. Dreaming seems to consist in a certain degree of ac- 
tivity of the mind, while some of the other powers are also ac« 
tive to such an extent that the j are continually interrupting the 
succession x)f thoughts, and yet do not control them. Hence 
arises the want of continuity in our dreams and the succession 
of such incongruous ideas. Hence, also, the observation, so of- 
ten made, that such sleep does us but little good ; it does not 
rest us, and simply because it is not sleep. 

same amount of sleep ? Give examples of the actiTit> .>f -?crtaUi powerf w^ilt 
the others v asleep ? 109. How is iocubtis explained 7 17Q. BrMmiiif 1 
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GENERAL QUESTIONS ON THE NERVOUS SYSTEM. 

What are the parts contained in the nervous system ? 

Chapter I. Section I.— What is the subject of this section ? Describe the mem* 
branes of the brain and the duplications. What are the divisions of the brain 7 
Describe the surface of the cerebrum and the connexion of the hemispheres. Of 
lehat substances is the brain composed and how are they arranged in the several 
divisions i What ai'e the functions of the brain ? How are they to be learned 7 
Why not from an examination of the organization of the brain 7 What is the first 
law in reference to the use of the brain 7 What are the results of a proper exercise 
of the brain ? Can the brain be overworked 7 What are the practical rules in this 
retapect i Upon what does the healthy action of the brain depend 7 How should' a 
naturally excessive activity be managed ? How do the emotions affect the intellec- 
tual operations 7 

Section II.-~Describe the spinal cord. 

Skction III.— What are the nerves 7 Describe the cranial nerves. Describe the 
spinal nerves. Describe the origin of the spinal nerves. Their distribution. How 
is a general nervous sympathy established 7 Describe the great sympathetic. 
What are the functions of the nerves 7 Describe those of special sensibility. What 
are the nerves of general sensibility 7 What sensations are dependent upon these 
nerves 7 How do they protect the body. Is their sensitiveness ever injurious 7 
Oive examples of the adaptation of these nerves to particular purposes. What are 
the nerves of voluntary motion? What in the relation between the nerves of mo- 
fion and those of sensation ? What are the nerves of involuntary motion, and what 
are the particular functions of eacti. 

Chapter II. Section I.— Describe the external parts of the eye. The internal 
parts. The action of the refracting substances upon the rays of light. How is 
vision produced 1 What is the direction in which a visible object is seen 7 Why 
are objects seen erect 7 Why is but one object seen 7 How is spherical aberration 
prevented 7 How does the eye adapt itself to different degrees of light 7 How are 
long and short sightedness corrected 7 How does the eye adapt itself to different 
distances 7 What practical rules must be observed in the use of the eye 7 

Section II.— Describe the ear, The ear tube. The tympanum. The labyrinth. 
How is hearing produced 7 By what substances must the vibrations be conveyed 7 
Upon what do high and low notes depend 7 Upon what does the perfection of the 
ear depend 7 What parts are absolutely essential 7 To what diseases is it subject 
and how are they to be treated 7 

Section III.— Describe the organ of smelling. How is the sensation produced 1 
What «vidences of design are observed in the position and structure of the nose t 
Wha^ are the functions of the nose 7 To what diseases is it subject 7 <*• 

Section IV.— Describe the organ of taste. How is the sensf tloa prod.tced 7 
What are the uses of this sense 7 

Section V.— ^Describe the organ of feeling. How is the seneation produced 7 
What are the purposes to which the sense of feeling is subservient ? 

What peculiarity have the mechanical and nervous systems to distinguish them 
from the repairing system 7 How much sletfp is required ? How are the different 
powers affected by sleep 7 Explain the pher.omena of sleepwaikiBg> di earning, 
tncuhus, etc 
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PART m. 

THE REPAntlNa SYSTEM 

171. The repairing process consists of several distinct oper- 
ations ; and Uie .apparatus by which it is effected is, therefore; 
complicated. In the first place, the materials for these repairS; 
which consist of the food, must undergo a certain amount of 
preparation, and this is the office of the digestive organs. The 
materials thus prepared must be conveyed to the several parts 
where the repairs are needed, and deposited according to .the 
nature and amount of repairs required. This is the office of the 
organs of circulation. While these repairs are going on the 
worn out materials must be removed from the organs which are 
undergoing repairs. This is performed by the absorbents. Fi- 
nally, these refuse materials must be thrown out of the system. 
A part of this work is performed by the respiratory organs, and 
a part by the secreting organs. There are therefore five classes 
of organs belonging to the repairing system^ 



CHAPTER I.— OP DIOESTION. 



172. The abdomttB, whickjs the cavity contuning the prin- 
mpal digestive organs, lies between the thorax and pelvis, and is 

M Bi this analysis of the repairing system it is the object to name 
only such factions as constitute one complete circle, and thns asso- 
ciate the several classes of these organs naturally together. It is not 
intended to be a full enumeration of these functions ; the secretions for 
lubrication, the absorption of chyle, the development of animal heat, 
and many others, equally important, belong to this system 

Paat III.— 171. Oive the analysit of the repairing proe«i«. 
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lined by a serous membrane called the perUonmm. It secretes 
a fluid by which the interior of the abdomen is moistened and 
lubricated. It has another important office, that of forming the 
outside coat of the stomach and most .f the other viscera of the 
abdomen. 



Pig. 97. 



Section L-^The Or gams of Mastication and Deglutition. 

173. These organs are the teeth, saliyary glands, the tongue, 
the pharynx, and the esophagus. 

174. The teeth are composed of iyory and enamel. The 
iTory (2 fig. 97) is harder than ordinary bone, and constitutes 

the principal part of the tooth. The enam- 
el (1) is the densest material ft the body 
It is a thin layer on the outside of that part 
of the tooth not imbedded in the alyeolar 
process. The purposes to which the teeth 
are subservient require that they should be 
composed of materials too compact to allow 
nerves and blood-vessels to penetrate them ; 
hence, the teeth, unlike the other osseous 
parts, when injured cannot be repaired by 
any natural process. Hence, also, they are 
developed in a different way from that of any 
other organs. 

The first indication of the formation of 




S«9tion of a molar 
tooth. 1 Tbo enameL 
3 The body of the tooth 
eompoied of ivory. 8 
The cavity in the cen- 

Shicif i/^lte^^tor^ ' *«®*^ ^ *^® existence of a small transparent 
a i^6^d tt^lS^cf. vesicle in the interior of the alveolar pro- 
cess. That portion of the vesicle corres- 
ponding with the body of the tooth, gradually enlarges till it 



Chaptck I.— 173. Where are the organ! of digeation fitnated ? What if the x 
tad office of the lining membrane 1 
SccTioif I.— 178. What are the organs of maiticaUon and deglutition t 174. Dar 

7 
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acquires the size the tooth is to haye, and is filled with a trans- 
parent liquid. The outer surface of ina vesicle soon depodta 
a shell of ivory, of the same shape ani nearly of the same size 
which the crown of the tooth is to have after it emerges from 
the gums. After the shell is formed, the vesicle remaining 
within it continues to deposit ivory, and thus becomes itself re- 
duced in size as the walls of the tooth become thicker, until 
only a small hollow (3) is left, which the perfect tooth always 
cont^ns. This hollow is still lined by the vesicle, and receives - 
an artery, a vein, and a branch from the fifth pair of cranial 
nerves. 

The tooth is covered with another membrane, which deposits 
from its inner surface a layer of enamel (1) on the body of the 
tooth. 

The body of the tooth being now completed, the central vesi- 
cle begins t9 be produced into one or more smaller prolonga- 
tions, according to the number of roots which the tooth is to 
have. While the roots are forming, the body of the tooth is 
thrust forward and cuts through the gums. 

The first set of teeth contains but twenty, the double molars 
being wanting. As the alveolar processes of the child enlarge, 
these teeth become loose, the roots are absorbed, and they are 
easily extracted. 

The second set consists of thirty-two, eight in each jaw on 
each side. The first and second in front (1, 2,fig. 98) are thin, 
have sharp, cutting edges, and are called incisor teeth. The 
third (3) is a strong tooth deeply set, is brought to a blunt 
point, and is called the canine tooth. The fourth and fifth 
(4, 5) have each one root, somewhat flattened surfaces, and are 
called single molar teeth. The sixth, seventh, and eighth 
(6, 7, 8) have three roots in the upper jaw and two in the 
lower, large bodies, broad surfaces, and are the doulk molar 

■crfl>« the teeth. How is the ivorjr produced 7 TbSBiiamelT The root? Deferib« 
the ftntMt of teeth. The lecond let 175. Whrt :auief tend to>roduceJrreK» 
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fnmv 



The lecond get of teeth in both jaws. 1, 3 The ineifor teeth. 8 The canine teeth 
4, 6 The tingle molar teeth. 6, 7, 8 The double molar teeth. 

teeth. Thus there are eight incisors, four canine teeth, eight 
single molars, and twelve double molars.^ 

175. The teeth are designed to last a lifetime, and should, 
therefore, be careMlj attended to. In the first place, care 
should be taken to prevent deformity. If the first teeth are not 
removed at the proper time, this does not prevent the teeth of 
the second set from coming, but it compels them to make their 
appearance where they ought not to be, either back of the 
other teeth, so as to be in the way of the tongue, or in front of 
the other teeth, so that the lips will scarcely cover them. If, 
however, the tooth of the first set is removed as soon as the 

^ It has sometimes been said that, as man is proyided with canine 
teeth, like oarniyerous animals, and with molar teeth, like herbiyerouff 
animals, he must therefore haye been designed to make nse of both ani- 
mal and vegetable food for his support. In drawing this conclusion, 
no account is taken of the fact that man alone cooks his food, and is 
not, therefore, as the lower animals are, entirely dependent for the 
preparation of his food upon the facilities for mastication. Man is also 
endowed with a higher order of observation and reason than other ani- 
mals, and may employ these for determining what kinds of food are 
adapted to his constitution and wants. 
larity in the arrangement of tk< teeth 1 How may the irregularity \m both o*e«a 
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Second is* perceived, the secmd will generally come into its 
profpr place. 

ft sometimes happens that the teeth are too wide for the 
space which they are to fill, and some (^ them must either be 
1^ prominent or they most be set irregularly. In such oases, 
the oply way is to have a tooth remored, so that those which are 
left may haye snlioient room. 

""'" 176. In the second place, no /^re^ «tt&«^an(» should be al- 
lowed to remain on or between the teeth. They should be 
washed with a brush and water after every meal ; otherwise 
particles of food, which remain between the teeth, will, by de- 
composition, render the breath offensive, and ultimately cause 
the decay of the enamel. 

A solid substance called tartar also frequently collects on 
the teeth, and extends towards the roots so as to loosen the 
gums tokd make them tender. When this has accumulated in 
considerable quantity the aid of a dentist may be necessary to 
remove it ; but its accumulation may always be prevented by 
proper attention to washing the teeth. 

177. In the third place, great care should be taken to pre- 
serve the enamel. It is specially designed by its hardness to 
protect the ivory of the tooth ; but this property also increases 
its brittleness, and renders extremes of temperature, from taking 
very hot drinks or very cold, such as ice water or ice, or any ex- 
cessive pressure upon them, such as cracking nuts or cutting 
threads, likely to injure them permanently. When the ename 
of a tooth is cracked, so that the air or the liquids of the moutii 
can get to Uie ivory, the tooth soon begins to decay, and is often 
reduced to a mere shell of enamel before we are aware of any 
imperfection. 

But when the teeth do become defective, the decay can, if 
taken in season, be arrested by having the decayed portion re* 

be prevented 7 176. Why ihould the teethbe cleanfe^ titer eatiag t What if the 
effeet of tartar upon the teeth 7 177. How may the anamel be k^ared 7 What it 
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moved and the cavity filled with gold. This is important, in 
order to pr^erve the features, the voice, the health, an4 the 
means of masticating food. Its importance is indicated by the 
severe |fliin which, as a warning, is liable to attend such decay. 
When, however, a tooth is so far gone that it cannot be pre- 
erved, it should be extracted at once. 

178. The daliva, by which the food, as well as the interioi 
of the mouth, is moistened, is furnished by three pairs of gla/nd^. 
The parotid gland (1 %. 99) is situated below and in front of 
F5gw 99. 




The salivary glands. ] The parotid gland. 3 The duct hj which its secretion is 
conveyed into the mouth. 3 The submaxillary gland. 4 Its duct. 6 The sub- 
lingual gland. 

the ear.** The /sub-maxillary gland, (3) is on the inside, and 
near the angle of the lower maxillary bone. The sub-lingual 
gland (6) lies immediately under the tongue. The secretion 
from these glands is conveyed to the mouth bv ducts* (2, 4. ) 

** It is this gland whs^h is affected by a peonliar form of inflamma- 
tion, called the <* numps/* to whioh it oan be subjected but once. 

the result when the enamel is injured 7 What course should be pursued when the 
teeth begin to decay 7 178 Describe the salivary glands. ' '9. The tongue. Wha 
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The secretion from the saliyary glands depends in part upon 
the gratification )f the taste ; but it is also promotad by the mo- 
tions of the jaw in mastication. Th\a is one reason why food 
should be eaten slowly and well masticated. ' 

179. The tongue is attached at its base to the os hyoides, 
and the motions of this bone, by its proper muscles, carry the 
tongue backward or forward and raise or depress it. The tongue 
itself also consists of muscles, so that it can be shortened or 
elonirated, and applied to all parts of the mouth. It is the 
principal organ of taste and one of the most essential modifiers 
of sound ; but, as connected with mastication, its office is to 
control the food in the mouth till it is swallowed. 

180. The pharynx is the back part of the mouth, and is at 
the same time the upper portion of the tube which leads from 
the mouth to the stomach. From the upper posterior part, the 
eustachian tubes lead to the tympanums of the ears; in the up- 
per front side are the two openings leading to the nostrils, and at 
the base of the tongue on the front side is the opening into the 
larynx and trachea. The pharynx is surrounded by muscles so 
arranged that by their contraction it can be reduced in length 
and its sides can be brought nearly together.^^ 

*7 The muooag membrane, with which this and all other parts of the 
alimentary canal are lined, is yery liable to inflammation prkluoing 
«* colds." 

Jnst at the entrance of the pharynx there are two glandular bodies, 
the tonsils, which probably serye some important purpose in the sys- 
tem, but their use is not satisfttctorily knowi^. They are yery liable to 
inflammation and permanent gilargement ; in this state they oMtruct 
the breathing, especially in sleep. They often almost or quite stop the 
breath, and they are liable to keep up an inflammation in the adjacent 
parts, which not unfrequently reaches the lungs. If, therefore, the 
enlargement cannot be reduced by medical treatment, it should be by 
surgical ; they should by all means be remoyed. 

are its functions? 180. Describe the pharynx. What are the principal opening! 
Into the pharjnz 1 Of what are the sides >f the pharynx composed Y .61. D» 
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181. The esophagus (fig. 100) is a continuation of thepha- 
rynz to the stomach. It is a fleshy tube composed of two sets 




The Esophaguf. a b £;ircular muscular fibres, e A layer of longitudinal 
muiicular fibres outside of the circular. 

of muscular fibres, of which the inner ones, (a, h) are circular, 
and serve to diminish its diameter, while the outer ones are lon- 
gitudinal, (c) and by contraction tend to shorten the tube. 

182, The object of these organs is to prepare the food for 
digestion and to convey it into the stomach. The lower jaw is 
provided with two pairs of strong muscles, to bring the upper 
and lower teeth firmly together, and with two other pairs of 
muscles, to give them a lateral motion and caus^ their rough 
surfaces to move over each other; and by this means the 
food, which is kept between the teeth, on the inside by the 
tongue and on the outside by the lips and cheeks, is reduced 
sufficiently to be received into the stomach — at the same time 
the saliva has been secreted and mingled with the food. In 
this state the portion of masticated food is taken up, by the 
tongue and placed in the pharynx. The tongue is thus so bent 
backward that the epiglottis, which is a cartilaginous valve 
attached to the root of the tongue, is laid over the opening into 
the larynx, ^ and the tongue itself, at the same time, closes 

58 The epiglottis is brought into the right direction to cover the 
opening into the windpipe, but the opening is not closed till the pha- 
rynx begins to contract. By this action the larynx is raised up and 
the orifice brought directly under the epiglottis. It is, therefore, 
closed as soon as pressure begins to be exerted upon the food in the 
pharynx, which would tend to press any of it into the windpipe. 

acibe the esophagus. 189. What is the object of these organs ? How is the food 
aufficiently reduced to be received into the stomach 7 What are the muscles by 
which the vertical motions of the }aw are prodiiced. (84, a b,) 7 Describe them. De 
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the opening between the month and pnarynz. By the sabie 
pocdtion of the tongue the membraneons partition between the 
mouth and pharynx, called the vdumpalatij is raised up so as to 
close the orifices into the nostrils. The contraction of the pha- 
rynx itself closes the eustachian tubes. At the instant when 
the food is placed in the pharynx and these principal orifices are 
closed, there is a strong involuntary contraction "• of the mus- 
cles composing the sides of the pharynx, and the masticated 
food is pressed into the esophagus, which, by the succes^ve con- 
traction of its circular fibres, forces it downward into the 
stomach. 



SecHon IL—Tht Stomach, 



183. Tlfe alimentary canal, when it has passed downward 
through the diaphragm, becomes at once enlarged into a bag 
called the stomachy (fig. 101,) of variable dimensions, but capa- 
ble of containing, when moderately distended, from two to three 
pints. Its larger extremity ia in direct contact with the dia- 
phragm ; and, as it lies obliquely across the spine from left to 
right, its smaller extremity is considerably lower. The open- 

» We see an obyious reason why the action of the pharynx should be 
involuntary and almost spasmodic. If it were otherwise -there might 
be suspension of respiration ; for, during the act of deglutition, all 
communication of the pharynx with the external air is cut off, and the 
epiglottis lies over the opening which leads to the lungs. Nature does 
not leave to our option any of the processes so essential to life. 

scribe the muscles by which the grinding motions ere produced. (84, c.) What 
other preparation of the food is necessary besides mastication 1 What is the agen- 
cy of the tongue in swallowing 7 How are all the openings into\he pharynx, ex* 
cept the esophagus, closed 7 How is the food made- to pass into the esophagus and 
how lato the stomach 1 
Skc roR II.— IBS. Describe the form and position of the stomach. The coats of tb« 
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Fig. 101 




rbcr stomach. « The Mophag^. ft The amaller canrature. e The cardiao ex 
tremity. d The pyloric extremity. / The larger curvature, f f The omentum 

ing of the esophagus into the stomach is called the cardiac ori< 
fice, and that at the other extremity is the pyloric orifice. 

The stomach is composed of three coats. The exterior is of 
condensed cellular substance, and is in fact the peritoneum 
attached to its muscular layers. This outer coat being continu- 
ous with the lining membrane of the abdomen, must retain the 
stomach in its place. The middle coat is muscular, and the 
fibres, though crossing each other in all directions, may, most 
of them, be classed either as longitudinal, (LM, fig. 102,) or as 
circular, ( CM.) The interior is a mucous layer, the inner sur- 
face of which is covered with papillae, which give it a velvety 
appearance, and it is furnished with a large supply of nerves 
and blood-vessels. 

184. When food is taken into the stomach the circxdatiou in 
the mucoos coat is increased the color changes from a pale, oi 
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Vig, 1Q2. 




Mnieolar coat of the ttomach. 

slightly pink, to a bright red, and a fluid, called the gastru 
juicey which is slightly viscid, transparent, and feebly acid, ia 
abundantly secreted. 

At the same time the muscular fibres of the stomach are 
successively contracted and relaxed, and the gastric juice is 
thus thoroughly mingled with the food, and converts it into a 
homogeneous, pulpy mass, called chymey and in this state it 
passes from the stomach to the duodenum. 

This process of changing the food to chyme is not a vital but 
a chemical one. If gastric juice be taken from the stomach and 
mingled with food in a state of minute division, and the ordinary 
temperature of the body be sustained, the formation of chyme 
will take place precisely as it does in the stomach.'^' 

*o Many of the Btatements made in reference to the gastric juice and 
the action of the stomach, were not regarded as fi^lyproTed, but only 
procable, until a circumstance occurred in Michigan, in the year 1822, 
which rendered it possible to subject them to the test of direct obser- 
vation. 

Alexis St. Martin, a healthy young man in the U. 8. service, was 

■tomach. 184. What is the effect upon the stomach of food received into it 7 What are 
the properties of the gastric juice 7 What change in the food takes place in the 
ftomach j How is it shown that the formation of chyne is not t r 'tal process 7 In 
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It is well known that many substances undergoing chemical 
change will communicate the action to contiguous substances. 
Vegetable substances, as apples, for example, beginning to 
decay, will communicate ta others that are sound the same 
change, that is, they will bring on decay. The action of yeast 
is to put in operation in the gluten of gram the same chemical 
changes which the yeast itself is undergoing. It seems proba- 
ble that the gastric ji^ice is a portion of the mucous coat of tBe 
stomach itself in a state of decomposition, brought about by the 
action of the arterial blood within it ; and that in this decom- 
posing state it communicates the same tendency to change to the 
food with which it is mingled.** 

wounded in the side by the accidental discharge of a gun. The walls 
of the thorax and abdomen were lacerated, so that a portion of one 
lung was pressed out through the wound, and an opening was also 
made into the stomach. The patient was put under the care of Dr. 
Beaumont, a surgeon in the army. The wound in the thorax healed 
oyer. The edges of the wound in .the abdomen and of that in the 
stomach adhered together and healed, leaTing an opening into the 
stomach of two and a half inches in diameter. At length a membrane 
was formed which shut down over it, like a yalve, but did not adhere 
at the edges. This valve cou^d at any time be pressed away, and the 
interior of the stomach and all its operations be exposed to view. 

Dr. Beaumont employed this young man after his recovery, and per- 
formed a series of elaborate experiments on the circumstances which 
would produce a secretion of the gastric juice, the state of the interior 
surface^of the stomach at the time, the effect of alcohol, tobacco, and 
spices on the secretion of this fluid, also the effect of exercise, occupa- 
tion of mind, excited passion, etc. He applied the stimulus of insolu- 
ble substances, put iltto the stomach to excite the secretion, and then 
removed it from the stomach to observe ita action when applied to food 
in different conditions as to fineness, temperature, etc. He also insti- 
tuted a full series of experiments upon the time required for the diges- 
tion of different kinds of food. 

^1 It would seem that some vital process not yet explained is neces- 
sary to give to the gastric juice its solvent power. The composition of 

what state is the gastric juice upon which its decomposing power itjttppo^ l< 
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These chemical changes are probably much less complicated 
than was formerly supposed. The process of digestion does not 
produce from the chemical elements the compounds which the 
system requires ; it merely separates them from other substances 
with which they are combined, renders them soluble, and appro- 
priates them. These original combinations are aU effected by 
the processes of vegetable life. Hence, in vegetables, we find 
all of the nutritious substances which the blood contains, that is, 
aU which the system needs, such as fibrin, albumen, etc. They 
are either merely mingled in the vegetable structure with other - 
portions which are not nutritious, or they are held in chemical 
combination, and in either case easily separated. When ani- 
mal food is eaten, it is only a transfer from one animal eystem to 
another of those substances which were originally combined by 
vegetable life. 

185. The digestive system requires more care than any 
other, partly because of its general importance, but especially 
because our enjoyments depend so much upon it that we are in 
danger continually of overtasking it. The practical rules by 
which we should be governed in inference to it are, however, 
very simple, and the reasons for them easily comprehended. 
They relate to the materials of food, the amount required, the 
frequency with which it shotdd be taken, and the conditions of 
the system &vorable fi)r its elaboration. 

186. Tht kinds of food There are two entirely distinct 

it has been carefully ascertained, and efforts have been made to pro- 
duce it artificially, but without success. If, howeyer, a compound be 
formed resembling it in composition, and a small quantity of gastric 
juice be added, (or a small piece of the stomach of a calf or ox,) the 
whole will become capable of reducing alimentary substances to 
chyme. 

defend 1 Give analogous instances. Does the digestive process form the nutriti 
ous compounds ? How are they formed ? In what does digestion consist 7 185 
Why does the digestive system require special care 7 To what four circumstances 
do the rtkf refer by which the diet is to be regulated 7 186. Wliat are the objects 
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objects for which food is taken, and therefore two kinds of food 
quite diistinct in their chemical constitution. One is designed 
for the production of animal heat, and the other for the forma- 
tion of the seyeral parts of the body ; but this distinction will 
be more Mlj considered in another place. 

187. From what has been said above, (184,) the division of 
food into animal and vegetable aeems of secondary importance, 
the two kinds containing the same elements in the same qi^ very 
similar combinations ; but it ij important in another respect. 
It is found that the stomach and intestines require a certaii. 
amount, and only a certain i^mount, of distention, in ordei 
to perform properly the secretion' of the gastric juice and othei 
Unctions of digestion ; and yet very different quantities of 
nutritious substance are required under different circumstances. 
If the system is called upon to perform a large amount of labor 
or efiibrt of any kind, it must have a large amount of nutritious 
food to supply the waste which the system would experience 
If it ns exposed to an unusual degree of cold, it must be cor- 
respondingly supplied with the means of developing animal 
hea}. Under these circumstances the most concentrated food 
may be employed, and enough will be needed to give the requi- 
site distention to the digestive organs. 

K, on the other hand, a person takes but little exercise, and 
is surrounded by a temperature not much below that of the 
body, his system -gslu appropriate but little nourishment, because 
but little has been consumed ; and yet, to digest that little, the 
same amount of distention of the digestive organs is required. 
He must therefore employ food in its least concentrated state — 
that is, he must subject himself to a vegetable diet. 

188. But a wide range of choice is left when these condi- 
tions have been complied with. Our preferences Jtnd observa- 
tion must then guide us. There is an endless diversity of t|ste, 

for which food is taken 7 187. What ace the circumstances which indicate that 
animal food should be employed 7 When aiould regetable food be used 7 188 B* 
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ftnd each individual m&j, as a general rule, allow his own taste 
to determine his selection of different kinds of food ; nature, 
however, furnishes us checks upon this selection. Some kinds 
of food are found to stimulate the secretions too much, particu 
larly in the warm season, and bring on summer compMnts ; 
other kinds of food seem to check the' secretions, and are not 
digested at all, but remain in the stomach till fermentation com- 
mences. Then either the gaseous eructations from the stomach, 
or portions of the food itself imng into the mouth, enable us to 
taste and recognize the kind of food which the stomach will not 
digest. Cheese, cabbage, fish, &c., are thus often pointed out 
to individuals as injurious. Each person may, then, follow his 
natural preferences in the selection of his food, subject, how- 
ever, to such modifications as are suggested by his observation 
of the effects of particular articles of food. These principles, 
judiciously applied, will lead to very different rules for different 
persons, but still, for each one, such rules as it is safe for hhn 
to follow.** 

There is, however, it diseased condition of the stomach con- 
stituting dyspepsia^ in which the taste is scarcely reliable at all 
as a guide. The gastric juice is either sparingly secreted, or it 
is impaired in quality. It is necessary then to furnish such 
food as will, as far as possible, excite the mucous coat of the 
stomach to action. The covering of the kernels of grain, or any 
other substance which gives coarseness of texture, have this 
effect^ «nd hence, bread made of unbolted flour is one of the 

e« Persons who complain of being injured by particular kinds of 
food often admit the soundness of these rules, by saying that when 
they ate such and such articles they knew that they should be injured 
by them. The difficulty is not that the Indications of nature are 60 
obscure, but that we are so averse to following them. 

yond the general considerations, hov^ are we to be guided in the selection of our 
food 7 When is the taste not reliab • as a guide 7 What is the first object to be 
leciired in the food of dyspeptic persons 7 What kinds of food answer this pur 
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most suitable forms of food for such persons. But it is also 
desirable that the food be easily digested ; hence, rfch pastries 
of all kmds are objectionable for such persons. New bread is 
also unsuitable, because, when eaten, it becomes an adhesive 
mass which does not allow the gastric juice to mingle readily 
with it. Hence, also, everythmg that tends to preserve substan- 
ces, that is, to prevent spontaneous chemical changes, would 
also tend to prevent this particular chemical change, of which 
digestion consists. Hence, preserves, meat which ha^ been 
salted, any substances which have been pickled, are suitable only 
for persons whose digestive powers are unimpaired and vigorous. 

189. Perhaps, strictly speaking, t)iere is no such thing as 
liquid food ; still we often take food into the stomach in a 
liquid state. Milk, especially, is of this kind, but it separates 
before digestion into solid and liquid portions, and the solid por- 
tion, in which the nutriment consists, is subjected to the ordi- 
nary process of digestion. It is certain that the liquid portion 
of gruels and soups is also, in a great measure, absorbed Before 
the nutritious part is digested, though it is not improbable that 
some of the nutritious portion is absorbed directly into the cir- 
culation, without going through the digestive process. 

Liquid substances are, however, as much required in the 
system as solids, though we may not regard them as food. The 
blood requires a certain proportion of water to give it fluidity ; 
and as it is every moment giving off water from the system by 
perspiration and by the breath, it is necessary that water be 
supplied in considerable quantity. This is absorbed by the 
stomach and received at once into the blood. It is taken 
either in the form of pure water or some modification of it, and 
generally in connection with our food. This practice of taking 
drink in connection with our food has sometimes been objected 

pose? What other property mist the food possess 7 What kindtf of food are to 
be rejected oa this groun^? 89. How is liquid food received into the sfstem 1 
Why does the system require liquids? How are they taken into the system 1 
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to, but it seems tc be natural, and in harmony with the wanta 
of the system. 

Tea and coffee have often been objected to as affecting the 
system injuriously. They undoubtedly contain properties which, 
when taken to excess, have such effects, and if headache and 
want of energy result, when the stimulus of them is withdrawn, 
their use should be absmdoned. They however contion, as 
their essential property, a compound of ni^ogen, which is pro- 
bably useM, and, with certain kinds of diet, may be essential 
to the health. When taken moderately, they doubtless encour- 
age a healthy action of the stomach, and of the general system. 

Alcohol, as a chemical compound, has nothing analogous to 
it in -the system, and, so far as we know, never contributes any- 
thing towards the formation of any of the tissues of the body. 
In the various forms in wluch it is used it may tend to give flu- 
idity to the blood, as water does ; but it also possesses other 
properties which specially unfit the blood for its functions. Its 
prinmpal effect in the system is as an excitant, and if it be 
admitted that the physician may sometimes avail himself of this 
property advantageously^ its general effects in the community 
are such, that it would seem proper to forego any inconsiderable 
advantage which might, in extreme cases, attend its use, and 
banish it altogether. 

190. There are several modifications which food undergoes 
in the process of cooking, which in some degree affect its cha- 
racter. It is not the chemical constitution but its physical cha- 
racter that is changed. Thus, in the cooking of vegetables the 
cohesion is diminished. When meat is boiled a part of the 
cellular membrane is dissolved, while the muscular fibre which 
lies within is unchanged. The baking of bread simply breaks 
the vesicles in which the farinaceous part is held Thus, the 

What objections exist to the use of tea and coffee 7 What circlmstances would 
indicatci that they may be uied 7 Why are alcoholic drinki injnrions 7 190. What 
ehaagea doee food undergo by cooking 7 What are the effeetf of the feveral tub 
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mechanical obstacles to the digestive process, which exist in fhe 
substances used as food, are partially removed by the cooking 



In connection with the cooking' of food there are, however, 
.several additions, such aa salt, vinegar, mustard, and various 
spices. Some of these, particularly salt, are demanded in small 
quantitj^by the system. Others, without being absolutely 
necessary, may, by rendering food palatable, so far favor the 
secretion of the gastric juice, and their presence, in contact with 
the mucous membrane of the stomach, may stimulate it to 
activity ; so that a moderate use of them is probably not dele- 
terious. There is, however, no doubt but that the degree in 
which they are used is excessive, and by over-stimulating the 
stomach, tends to weaken its power. 

A degree of warmth to the food considerably above the ordi- 
nary temperature of surrounding objects is also a healthy pro- 
-moter of the digestive powers ; but the injurious habit is often 
acquired of taking food, especially tea and coffee, so hot as to 
injure the organization of the tissues. 

191. The quamtity of food. From what has been said of the 
objects for which food is taken, it follows that the amount needed 
will be variable, depending upon the effort put forth, and the 
degree of exposure to which we are subjected. The demands 
of the appetite are the natural indication Of the quantity needed. 
There is a period, at every meal, when the appetite is satisfied, 
and yet more food can be eaten without inconvenience or aver- 
sion. This indication of the appetite that the wanta of the sys- 
tem are met, though not obtruding itself upon our notice, 
always exists, and may with attention be observed. After this 
period whatever is eaten is not because the system craves it, but 
because it gratifies the taste, and is likely to be injurious. 

stances added in the cooking process to flaTor food 7 How is the system affected 
by the temperature at which some articles of food are taken 1 191. How is the pro- 
per quantity of food indicate! ? Is the appetite always a guide 7 What it the in 
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There are instances of a morbid appetite which it would be 
unsafe to follow ; but there are always in connection with it 
other indications of disease, which leave us in no doubt that it 
b unnatural. 

There are often complaints of want of appetite, but it is safe 
to follow this indication and abstain from food. A person sel- 
dom suffers from abstinence when there is no craving %r food. 
Some of the best medicinal effects upon the system are pro- 
duced by this abstinence. The want of appetite is the warning 
of nature not to lay upon the system at such times the task of 
digestion. 

192. Times of taking feod. The teaching of nature is to 
eat when we are hungry, but the desire for food is only periodi- 
cal. It is undoubtedly best that we have stated times for eat- 
ing, and eat only at those times. These periods should be often 
enough to meet the demands for repair, which are continually 
made by the * system. The general practice of taking three 
meals a day is, probably, not objectionable, though some have 
contended that only two would be preferable. 

Lunches between meals cannot but be injurious. The stom- 
ach, like the organs of the body generally, requires periods of 
rest; when food is taken between meals, demands upon the 
stomach are made continually. For the same reason the eating 
of fruit or confectionary, except at regular meals, is hurtful. 
The same objection lies against the habit of eating a short time 
before retiring. All of the involuntary powers are less ener- 
getic during sleep than when we are awake; digestion will 
therefore be feeble, the food will lie too long in the stomach, 
relish for the next meal will be diminished, and the power of 
the system to act upon it reduced. Besides these effects dream- 
ing is often indticed, and thus sleep fails to refresh any of the 
powers of the system. 

dication whei there is a want of appetite ? 199. How often should food be taken 7 
What objection exists to taking food between our ref ular meals ? What to teting 
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193. ConditiJns upon which Digestion depeiid* As the 
gastric juice is the principal agent in effecting the necessary 
changes upoji the food, the circumstances most favorable to 
digestion are those most favorable to the supply of this secretion. 
If the system is in a healthy state, whenever the stomach is 
suitably distended with food, and sufficient blood is supplied to 
it, the secretion will take place. Digestion will depend then, in 
the first place, upon an active circulation of the blood. This 
requires that there should be considerable exercise, but not of 
a character to exhaust or depress the powers of the system, and 
that there^ should be an abundant supply of pure air for 
respiration. 

It is necessary, in the second place, that the blood be not 
deflected to other organs, but allowed to go to the stomach. 
This last condition is one very likely to be interfered with. 
Time should be allowed not only for eating but for digestion. 
The energy so characteristic of this country, drives the laborer 
from his meal at once to his work, the merchant to his 
counting-room, and the professional man to his office. There is 
no interval of rest during which the stomach can command the 
whole energy of the system in digestion ; and hence it is not 
surprising that that function is so often impaired. 

The mind may also be occupied involuntarily in such a way as 
to control the circulation and greatly interfere with digestion. 
Grief,melancholy, intense anxiety, all have this effect. Hence 
it is that travelling, visiting watering-places and the like are 
often so serviceable. They divert the attention, and hence allow 
the circulation to resume its natural course, and to be employed 
m digestion whenever it is thus needed. 

in the OTening just before retiring ? 193. Upon what doei digestion depend ? Upon 
what does the secretion of the gastric juice depend 7 Wliat are the conditions upon 
which an active circulation depends 1 When there is active circulation how may 
it be prevented from going in sufficient quantity to the stomach ? What is the ef. 
feet of close application of mind upon the digestive process 7 What then aT» the 
conditio-ii favorable to digestion ? ^ 
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The conditions of the system most favorable to digestion aro 
those in which there is neither physical exhaustion, ennu;, nor 
mental depression, but such physical activity as to keep up a 
free circulation of the blood, buoyant spirili, and moderate 
mental activity, as in ordinary conversation. 



Section III, — The Duodenum and Organs cownecUd vjvth it^ 

194. The duodenum, (jp, e, i, fig. 103) (also 5, fig. 104) is 
the commencement of the small intestine, from which it is 

Fig. 108. 




1 1 The Dnodennm. p The pyloric orifice of the stomach, g The bil^ mc. c The 
duct from the liver, o The pancreu. 



distinguished by being more closely confined in its position, and 
by its not being connected with the spine by the mesentery. It 
arises from the stomach at the pyloric orifice, and is from eight 
to ten inches in length. Like the stomach and the fhtcstines, it 
is composed of three coats. 

195. The Liver (3, figure. 104) is the largest glanS of 
the body, and is situated on the right side of the abdomen, in 

Section III.— .94. Describe the duoaenum. JOS. Tha liver, ^w ii H supplied 
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Th« Dig«'tire Or^nt. 1 The esophag^us. 2 The stomach. 8 The liver. 4 Tht 
bile «ac, its duct openinifinto the hepatic duct. 5 The duodenum. 6 The pan- 
creas. 7 The siDDall intestine. 8 to 13 The la^ge intestine. 18 The spleen. 

eontaot with the diaphragm above, and with the pyloric portion 
of the stomach below. It receives a small artery by which its 
nourishment is conveyed to it. But it is supplied wi& a large 
nmount of venous blood from all of the other digestive organs, 
&om which the bile^ is secreted. This secretion, which it is 

<3 The office of the hepatic system has been the subject of much dis- 
cui&ion. It has generally been regarded as subserrient to digestioi^. 
and paiilnmiily to the separation of chyme into chyle and excrement. ^ 
But an ejplana|ion of the necessity of it, or of the mode of its opera« 

with blood f Bii^iihftt is the renous blood fomif had? What are the properties of 
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the specific office of the liver to furnish, is a slightly viscid fluid, 
greenish, bitter and alkaline. There is a duct (c, figure. 103) 

tion in effecting sucl^ a change, has never ^en given on scientific prin- 
ciples. That it performs some important part in digestion is bj 
no means improbable. 

It has also been thought that the bile is simply or principally useless 
matter removed from the blood by the liver, and emptied into the intes- 
tine for the purpose of being rejected with the fecal remains ; and in 
confirmation of this view it is said, that as the lungs ordinarily remove 
the carbonaceous matter, the liver takes the office of removing the same 
class of compounds when the respiration is feeble or the lungs are dis- 
eased, and that in such cases the liver is correspondingly enlarged. 
But another explanation of this class of cases may be given. If the 
bile were carbonaceous matter, designed to be removed from the sys- 
tem, then the feces ought to contain it in abundance ; but the bile, in 
the feces, bears no proportion to the amount of bile secreted. Many 
camiverous animals have properly no excremenf, except the urine, 
though the liver is very large. In these cases the bile cannot be secre- 
ted simply as useless matter, for it all goes again into the system. 

The secretion of all the other gtands is made from arterial blood. 
The liver alone secretes from venous blood, blood which has been 
employed iu carrying on the digestive process. It would seem that in 
other parts of the system the oxygen of respiration combines with the 
highly carbonaceous portions of the blood, with such a degree of rapid- 
ity, that in the venous blood there is not left an excess of qarbon. But 
in the blood which becomes venous by the removal of certain portions 
to effect digestion, the carbon is in excess, or at least in such a state as 
to unfit it for immediate use in the system. This blood is therefore 
collected by the portal system of veins and carried to the liver, by 
which these carbonaceous portions are separated in the form of bile. 
They are then conveyed again into the digestive tube, and being again 
fitted for use by changes there made, they are absorbed as part of the 
chyle and returned to the circulation. 

These carbonaceous products are very slowly removed from animals 
in which the respiration is very limited, as in fishes and reptiles. The 
liver is therefore very large, and receives venous blood not only from 
the digestive organs but from other parts of the system, in order to 
have the carbonaceous substances re-digested and returned to the cir- 
culation. 

9enoe, also, the great size and activity of the liver among the in* 
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leading from the liver to the duodenum, and another from the 
bile sac (g) opening into it. During digestion, the bile passes 
as it is secreted directly to the duodenum; but during the inter- 
vals of digestion, after filling the duct, it passes backward into 
the bile sac, and is retained until digestion again commences. 

196. The p(mcreas ((?, fig. 103) is a gland about six inches 
in length, situated behind the stomach and across the spine. 
It secretes a fluid resembling the saliva which is conveyed 
by the pancreatic duct into the bile duct, and is thence emptied 
into the duodenum. 

197. When the chyme passes through the pyloric orifice of 
the stomach, it soon mingles with the secretions from the liver 
and pancreas, which enter at the same time. Here it is sepa- 
rated into two substances, one of which is that part of the food 
incapable of being appropriated and vitalized, and the other is 
the nutritious portion, called ckyh. In these two states it passes 
along the small intestine. 

habitants of warm climates. The actiYitj of the system and the 
amount of respiration is comparativelj small ; consequently there is 
less oxidation of the carbonaceous substances. It is necessary that it 
should be so, for if these products were oxidized, the vital heat would 
be too much increased. An excess of carbon is left in the blood 
which the liver separates, and it is re-digested and again sent to the 
circulation. 

In cold climates these products are rapidly oxidized, and the liver 
is comparatively small and its fiinctions less important Hence, in 
cold climates, diseases of the liver are rare. «^ 

the bile 7 How is it disposed of durinif digestion and during the intervels ? 196. 
* Describe the pancreas and its secretion 7 197. What changes in the food take place 
)n the dnodenum 7 
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Section IV, — 77te IrUesttnes, 

198. The small intestint (7, 7, fig. 104) is a coutinaatioii 
of the duodenum, and is about five times the length of the body. 

199. This intestine is supported by the peritoneum, which 
is the membrane that lines the cavity of the abdomen. When 
this membrane (a,figure. 105) comes to the spine, 5, it goes 

forward so as to enclose the intestine e, 
then returns to the spine and continues its 
course in the direction h. This duplicature 
of the peritoneum forms the outer coat of 
the intestine, and the double membrane 
between the intestine and the spine is called 
Horixontai lection of *^® mesefnitry, A portion of the mesentery 
the Abdomen, a * The (2, 2, fig. 106) is represented as supporting 

peritoneum. « The spine. \ . ^ . ' ,*, , , /, .? 

c The smau intestine, the mtcstmc : and lacteal vessels (1« 1) 

i e The mesentery. , « 

. come forward to the intestine, and proba- 
bly open into it by capillary orifices. 

200. The intestines are subject to a eonstant yermicukr 
motion, by which their contents are made to moye slowly 
through them. The partidl^s of chyle, as they pass the open 
ends of the laoteals, are taken up by them. The-lacteals pass 
through small glands within ^he mesentery, and continue to 
unite as they approach the spine, where they form but on^ ves- 
sel, (4,) the rec^tade of the chyle. This vessel forms a continuous 
tube up the spine, where it is called the thor^fic dud, and opens 
into the vein (the descending vena cava, at 10,) which collects 
the blood firom the head and upper extremities. Thus the 
whole nutritious portion of l^e food is emptied into the venous 
blood, to be modified by respiration, and then employed in sup- 
plying the wants of the system.** 



M The chyle is essentially blood, though in appearance it is more 

the mesentery 
tionl. What if 
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201. Tne large intestine (8 to 12 indusiTe, fig. 104) is aboai 
one-fifth the leogth of the small intestine, but it has much 
Fig. 106. 




tf 1 Lactealt. 3, 3 Part of the mesentery containing meienterfo riandf. i, 8 AH 
of the small intestine. 4 The receptaculum chyli, contin:ied upw^fttd a* the 
thoracic 4aot, which opens into the descending vena cava at 10, 6, A, A Lym- 
phatic vessels opening into the receptaculam chyli. 6, 8 The diBrhrm^m. 7 
The aorta. 8 The spine. 9 The descending vena cava. 

like milk. The iron which it contains does not enter into the partica- 
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greater capacity. The nutritious portion of the contents of the 
small intestine having been absorbed, the ezcrementitious por- 
tion is received by the large intestine, and, after being conveyed 
by a circuitous course, is expelled from the system." 



CHAPTER n.— OF THE CIRCULATION* 

202. The circulating fluid is the blood. It contains the 
materials which are necessary for the formation of all the tissues 
of the body, such as brain, muscle, bone, etc., and those which 
are employed in the various repairs which the body requires ; 
and we have seen how these materials are continually elaborated 
and furnished by the digestive process. 

203. The amount of blood has been variously estimated, but 
thirty pounds is probably about its average weight. 

204. If a portion of blood be taken from a vein and allowed 

lajr combination npon which the color of blood depends till it reaches the 
lungs. It is probably for this reason that the thoracic duct opens into 
a vein and not an artery. The chyle must then pass through the 
heart, where it is thoroughly mingled with the preyiously formed 
blood, and thence go to the lungs before it becomes arterial blood, and 
is sent into the system. 

^ The excrement is lodged in the large intestine to proTcnt the 
necessity of constant depletion ; but scarcely anything is more impor- 
f^t to health than that the feces be evacuated daily, and it is better 
that it should be at a particular hour. Persons whose habits are not 
active, and whose respiration is feeble, communicate bul little mechan- 
ical motion to the abdomen, and the feces become hardened and may 
remain for days. This, however, cannot be without injury ; the system 
should be required to conform to rule, and a constipated state of the 
intestines will then seldom occur. 

the office of the lac teals 7 How is the chyle conveyed to the blood ? 301. Describe 
the large intestinw. 

CHAPTsm II.~303. What is the circulating fluid ? What are its peculiarities which 
fit U for serving the poroose of nutrition 1 How does it receive the xutiitious Mub> 
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to stand for a short time, a part of it becomes watery and nearly 
colorless. This is the servMj upon which the liquidity of the 
blood depends. The clot or solid portion can be reduced by 
repeated washings to a stringy and nearly colorless mass, which 
is fibrin. This is the nutritious part. That which has been 
washed out consists of red globules^ upon which the color of 
blood depends, and which is essential to the proper effect of 
respiration upon it. 



Fig. 107. 




1 The pericardium. 3 The heart. 8, 8 Blood veaaela from the heart. 4 The trfc. 
ohea. 6 The lungs. 6 The liver. 7 The stomach. 8 The large intestine. 9 
10 The small intestine. 



»tenc« 7 308. What is the amount of blood in the syttem ? 304. What are the i>aiti 

Digitized by VjOOQIC 



172 



OT THE circulat:o«. 



205. We may regard the organs of circulation as a simple 
hydraulic apparatus, designed to establish the motion of a liquid 
in a given direction, and through a given circuit. Jt must then 
contain a set of tubes in which the liquid is to be conveyed, so 
fitted with valves as to prevent the motion in one direction and 
allow it freely in the other, and means of exerting the force 
necessary to produce the required motions of the fluid. The 
heart, arteries and veins are designed to fulfil these conditions. 

206. The huj/rt (see lith. pi. IV. fig. 1) is enclosed in a 
strong cellular substance, (1, fig. 107,) called the pericardium, 
the inner surface of which supplies the lubricating fluid for the 
mq||pns of the heart. The mediastinum is the double mem- 
brane which comes forward from the spinal column to the 
sternum, and divides the thorax into two cavities. The heart, 
with its pericardium, b situated between the two layers of the 
mediastinum, (H, fig. 108,) encroaching more upon the cavity 
of the left side than the right, with its apex directed downward 
and resting on the diaphragm. (See Lith. PI. III.) 



Fig. 108. 



Fig. 109. 




A horozontal leetioii of the thorax. 
The two membrane! I^ 1 conititute 
the mediastinum. S, 3 The same 

membrane extends so as to line the 1 The rieht anricle. 3 The right ventri 

caTity of the thorax^ where it is the cle. S The left auricle. 4 The left ventricle, 

pleura costalis. S, 8 The continua- • 6 The orifice from the right auricle to 

tion of it, so as to cover the lungs, right ventricle. 6 The orifice from the leA 

the pleura pulmonalis. auricle to the left ventricle. 7 The pulmo- 

.nary artery. 8 The aorta. 

of which blood is composed 7 305> What organs are necessary to cocstitnte an apt 
IMuratof for the circolation of the blooA'? -^M- Describe the med'astinam. The 
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207. The sabstance of the heart consists of a mass of inus 
oular fibres, so arranfreC a^ to enclose four cavities. The first 
(I, fig. 109) is the right auricle, and the seccnd (2) is the 
right ventricle. The third cavity ( 3 ) is the lefk auricle, and 
the fourth ( 4 ) is the left ventricle. The auricles may be re- 
garded as mere enlargements of the veins which bring the blood 
to the heart. The thick, strong muscular walls of the ventricles 
(2, fig. 110) indicate that they are designed to give the prin- 
cipal force to the arterial circulation. Both ventricles contract 
at the same time. 

208. The orifice (1, fig. 110) from the auricle (3) to the 

Fur. 110, 




f alref of the heart and arteries. 1. The orifice between the auricle and ventricle. 
3 The muscular walls of the ventricle. 8 The auricle. 4 The ventricle. 5, 5. 5 
The fleshy and tendinous ligaments by which the valves of the heart are strength- 
ened. 6 valves orthe arteries. 7 The descending vena cava. 8 The ascending 
vena cava. 

Ventricle (4) is furnished with some fieshy masses, which easily 
yield when the blood passes in the directten indicated by the 
arrow (at 1) ; but when the ventricle (4) contracts, they are 
prevented from yielding by fleshy and tendinous strings (6, 5) 

pericardium. The position of the he».t. 207. Give the structure of the heart 
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extending from them to the walls of the ventricle.** They, 
therefore, allow the blood to flow into the ventricle, but 
prevent its reflnx. Those in the first ventricle are called the 
tricuspid valves ; those In the second are the mitral valves. 

209. The arteries are the strong cylindrical tubes which con- 
vey the blood from the ventricles. They are composed of an 
exterior coat of condensed cellular substance, upon which the 
strength of the artery principally depends, a middle coat of 
elastic membrane, with muscular fibres interspersed, upon which 
the contraction of the artery depends, and a third membrane, 
with a smooth interior surface, the object of which is to diminish 
the friction arising from the motion of the blood. 

210.' The arteries, as they arise from the heart, are each 
furnished with valves, (6, fig. 110,) which are so constructed as 
to allow the blood to enter the arteries freely, but to prevent its 
going back into the ventricles. They are named the semilunar 
valvesy and are the only ones which the arteries contain. 

211. The pulmonarff artery (12,P1,III.) arises from the 
right ventricle, and is distributed to the lungs. 

212. The artery which arises from l^e left ventricle and is 
distributed to the body, is called the aorta (aft,Pl,VI.) The 
first branches frt>m the aorta are the coronary arteries, a small 
pair, which is distributed to the substance of the heart. The 
two carotid arteries (2) arise from the highest part of the arch 
of the aorta, and ascend along the neck to the base of the 
cranium, where they each divide into two portions, one of which 
supplies the brain, and the other the face and the integuments 
of the head. The two subclavian arteries (3) also have their 

^ These strings (colunmsd carnese) not only support the fleshy 
valves, but thej cause the blood and the chyle, which has just been 
emptied into it, by their rapid motion through the meshes thus formed, 
to be more thoroughly mingled together before going to the longs. 

308. Def cribe the valves of the heart S09. The arterieb. 310. The valres of th« 
artorief . 311. The polmonary artery. 313. Defcribe the aorta and its branches 
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origin from the arch of the aorta, and supply the npper 
extremities. In its passage to the diaphragm, the aorta gives off 
small branches to the lungs and parietes of the thorax. Within 
the abdomen it gives off the phrenic artery, (4,) which is sent to 
the diaphragm, the cali^ artery (5,) which supplies the liver 
and pancreas, the stomach and the spleen, the meserUeric artery, 
(6,) which goes to the intestines, and the emulgevU artery, (7,) 
which goes to the kidneys. As the aorta enters the pelvis, i(r 
divides into the iliac arteries, (8,) which, ajpber sending branches 
to supply the external and internal parts of the pelvis, are dis- 
tributed through the inferior extremities. 

213. The veins are the tubes by which the blood is returned 
from the different parts of the system to the right auricle of the 
heart. Like the arteries, they have three coats, but they are thin« 
Fig. 111. 



9 



A vein. In the lower part the vein laid open to s;u')w the numerous folds 3, 9, o. 
the inner coat of the vein which act as valves. S The openini; of t branch intn 
a larger vein. 
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ner and have less strengUi, though much greater capadiy. Th^ j 
are famished with a great number of valves (fig. Ill) in the 
different parts of their course. The veins have the same gene- 
ral distribution as the arteries, (litLp.YII.) Those from the 
head, thorax and upper extremities unite to form the descending 
vena oit^a, (lO^PI, III.) Those from the abdomen' and lowei 

extremities unite to form the ascending vena cava^ (9.) These 

^mo veins meet at the right auricle. 

214. We may now trace the blood in its course through this 
system of vessels, -(lith. pi. V.) It will become more simple if 
we regard the first auricle and ventricle as constituting one 
heart, and the second auricle and ventricle as constituting a second 
heart. Such division actually exists in some animals. Let us 
commence with the blood, as it is collecting from every part of 
the system {b^ b^ b) into the veins. We find these veins all 
lead to and terminate in the first auricle, (1,) from which the 
first ventricle (2) receives it, and by contraction sends it through 
the pulmonary artery into the lungs. The circulating fluid thus 
far has been dark blood. In the lungs it undergoes certain 
changes, and receives a florid color. It is then collected by the 
veins of the lungs, and brought to the second auricle, (3,) from 
which the second ventricle (4) receives it, and by contraction 
sends it into the aorta to be distributed to all parts of the body, 
to be again collected by the veins. If we now regard these two 
hearts as brought together, and, to economize room, united into 
one organ, we shall have a correct idea of the human heart and 
of the circulation through the system. 

215. There are several distinct farces by which the circu- 
lation is promoted. The various movements of the body must 
be incessantly compressing the veins ; and, as the valyes prevent 
a reflux of the blood, these motions must contribute td'i^arry the 
venous blood towards the heart. The suction power of the 
right auricle, and perhaps a slight contraction of the veins, have 

Sis. I^escnDe the reini. 314. The coarse of the circulation* 315. Whlit are the 
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been supposed to assist the venous circulation. But the enlarge- 
ment of the thorax at each inspiration is doubtless the princ^al 
agent in this work. A partial vacuum is formed by the rei^ira- 
tory action at each inspiration, and the air enters through the 
trachea to fill it ; but since the auricle is within the thorax, the 
blood from all parts of the system is at the same time and by 
the same force attracted there. 

The arterial circulation is chiefly dependent upon ihe contrac- 
tion of the heart. It is for this purpose that so large an amount 
of muscidar power has been given to it. The arteries are also 
elastic and probably muscular. At each pulsation of the heart, 
the iiew blood which they receive stimulates them to contract, and 
thus each wave set in motion by the ventricle is closely followed 
by a contraction of the artery, and the motion of the blood is 
perpetuated to the capillary vessels, and perhaps beyond them 
into the veins. 

216. Without accurate calculation, we have very little idea 
of the quantity of blood thus sent through the system daily.. 
The ventricle receives nea^y two ounces of blood at each pul- 
sation, which it discharges into the aorta about seventy-five 
times a minute, making nine pounds, or more than a gallon 
every minute, or two barrels an hour. 

217. Whenever the artery lies near the surface, the wave 
produced by each contraction of the heart can be distinctly 
felt, constituting the puhe. Its frequency varies with the mental 
states,^ the amount of exercise, the age, the sex, and the 
health. In young children, the beats are more than a hundred 
in a minute. The ordinary pulse of a healthy person in mature 
life is about seventy-five. In old age it may sink to fifty or less. 

«7 Hence those poetic expressions, ** the heart leapg for joy," 
•* melts with grief," "sinks within one," and " the blood curdles ii 
the veins," are not altogether figurative. 

forces by which the venous circulation is sustained 1 How is the arter.'al circulai* 
tion sustained 7 316. What is the amount of blood circulated each horr 217. Hew 
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But its most remarkable changes are those dependent upon the 
condition of the system. It is to the physician his most reliable 
indication of the degree and kind of diseased action.^ 

218. When a vein is severed, the walls easily colb^se, and 
a coagulum forms around the orifice and checks the loss of 
blood. But when an artery is severed, the elasticity prevents. 
its collapsing, and the blood escapes in spirts. The loss of blood 
is often so rapid that it causes death in a short time. The first 
thing to be done then is, to close the artery mechanically till 
surgical aid can be obtained. Sometimes the thumb pressed 
hard upon an artery on thS side of the wound, towards the 
heart, will be sufficient to check the blood. A handkerchief or 
other bandage may be placed around a limb which has been 
wounded, and drawn so closely that the pressure of a knot in it 
placed over the artery will be sufficient compression. Or a key 
slipped under the bandage and upon the artery may be used as 
a lever to compress the artery. But it may often be necessary 
to put the finger into the wound, find the end of the artery, 
^ and compress it there. 

But a physician should, in such cases, always be called at 

^ It is one of tlie remarkable instances of adaptation in the system, 
that the heart is so sensitive to the slightest changes in the state of the 
blood, that its mode of contracting, and its frequency, indicate the 
existence of disease in its very first stages, and yet the heart is not 
sensible in any degree to external contact. ** Herrey had an extraor- 
dinary opportunity of showing this. A young nobleman, from disease, 
had the heart exposed so that it could even be handled while beating ; 
and Heryey found, to his atonishment, that, unless his fingers came in 
contact with the outer skin, the young man was altogether unconscious 
of the heart being touched." Upon reflection we see that it is entirely 
unnecessary that it should have the sense of feeling. Anything that 
would reach the heart would be likely to produce death, and« hence the 
sense of feeling there would be ao warning of danger, as it is at the 
surface. 

ii the pulse produced ? Up<m what does its rapidity depend, and to what account 
is it put ? 218. What practical rule is to be observed when an artery it wounded 7 
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once. . We may succeed in checking the loss of blood for the 
time being, ^ut the end of the artery must be taken up and tied 
with a ligatuP3, in order to resist the elasticity of the artery and 
force of the circulation long enough for the artery to heal. 

The danger to be apprehended from the wounding of an 
artery is sufficiently indicated by the fact, that they lie aa far 
below the surface as they can be placed, and are otherwise 
guarded in various ways to protect them from injury. They are 
placed so ne.ar the surface that the pulse can be felt, only when 
it is impossible to have them lie deeper, as those on the head, or 
those which pass the wrist to go ta the fingers. 

216 A. When an artery has been severed, it might seem that 
the circulation in the part to which the artery is sent must be 
prevented. But provision is made for such cases by the a^ias- 
tomosing of the arteries. Thus, if the principal artery of the 
arm or leg were taken up, (at 9, or 10, PI. VI,) the small 
anastomosing arteries (11 or 12) would still carry blood to the 
part beyond, and they woidd soon enlarge so as to furnish a 
competent supply. 

217 a. The blood is subject to two distinct circulations , one 
through the lungs, which may be - called the pulmonary circula- 
tion, the object of which is to effect certain changes in its 
constitution, and another much more extensive, through the 
various parts of the body. The object of this is the nutrition of 
the system, and may be called the nutritive circulation. 

218 a. The amount o/ the change effected by nutrition is 
greater than is generally supposed. The quantity of food taken 
is no measure of it whatever. The various secretions into the 
joints, the cranium, the abdomen, the« stomach,, and other parts 
of the digestive Canal, as well as throughout the solid parts of 
the body, are generally regarded as secretions directly from the 

How is the bleeding to be stopped 7 How is the artery to be ultimately secured 7 
216 ▲. When an artery has been severed how is the circulation beyond that point 
continued 7 317 a. What are the two circulatioKs to which the blood is subject f 
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blood ; bat it is by no means certain that they are not produced 
by the metamorphosis of the tissues. It is at least certain that 
in various parts of the system there are portions of the tis- 
sues which lose their vitality, but which have not, by so doing, 
been rendered henceforth useless. On the contrary, they go 
either directly into the blood, through the absorbent system, or 
they are passed into the digestive f anal, to be redigested and 
sent again into the circulation. The amount of nutritive sub- 
stance in the food which is eaten daily, is only equal to the amount 
of material which has been subject to such changes that it 
cannot be used again, and which therefore needs to be rejected 
from the system, and have its place supplied by new material. 

Some idea of the amount of taking down and building up 
which is done in the system may be gathered from the amount 
of "blood which traverses the blood-vessels, which is not less 
than six tons a day. Its color has been changed, and the 
chemical constitution has been modified to an appreciable extent 
by materials which have been added to it from ^e wear of the 
system. But the amount of removal has been at least equalled 
by the amount of new structure erected. 

Hence we see that our bodies are being taken down and built 
up ; that is, they are subjected to change very rapidly. The 
bones, cartilages, ligaments and tendons change much less 
rapidly than the soft parts ; yet the body has probably been 
wholly taken down and rebuilt several times, before a person 
reaches the age of twenty years.** 

^ It has been ihoaght that the body undergoes an entire change once 
in about seven years. Some parts are, however, changed hundreds of 
times within that period, and possibl/ some particles may never be 
changed ; the change in the more solid parts inust also be much more 
rapid in early than in advanced life. 

218 a. Wby is the tmoant of nutrition not meaiured by the amount of nutriment 
contained in the food 1 What idea of the amount of repairing done in the lystem do 
W6 get from the amount and character of the fluid circulat >. 1 How often doet the 
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s 

219. This process of nutrition takes place wholly in the 
capillary system ; that is, in those minute tubes, too minute to be 
traced by the eye, which go from the extremities of the arte- 
ries to the commencement of the veins. Such a connection is 
proved to exist, by the fact that the veins can be filled with 
mercury by injection through the arteries. Though the dia- 
meter of these tubes cannot be measured, yet we know that it 
is subject to considerable variation, and that their size in a great 
degree affects nutrition. Thus the enlivening emotions at once 
manifest themselves by the flush X)n the face ; that is, by the 
enlargement of the capillaries to such a size that they will admit 
the red globules of the blood. Fear and other depressing 
emotions at once contract the capillaries, producing paleness, and 
nutrition is almost wholly suspended. It is likewise in a great 
measure suspended by exposure of the surface to a disagreeable 
or painful degree of cold. The capillaries may become so mttch 
enlarged as to constitute disease (inflammation.) Cold water, 
or other cold applications, tend to reduce inflammation, because 
they tend to contract the capillaries. 

220. Wherever growth is required, or waste has taken place, 
tiiere the proper elements are taken from the blood in its pas- 
sage through the capillarlSli, and deposited for the purpose of 
increase or repair. The selection of elements from tiie blood 
adapted to the formation of particular tissues, their removal 
from the capillary vessels, and their incorporation into the 
different organs, cannot be explained upon any known physical 
principles. These processes are, however, going on constantly 
and with rapidity ; and yet, as a general rule, all this is done 
without mistake as to place, ^ r to the kind or the amount of repairs 
required. We can only refer these changes to the constant, 
efficient, and beneficent presence of an unseen and divine Power. 

body undergo an entire change ? 319. Where does nutrition take place ? How are 
these capillary Tesselt proved to exiit ? To what variation are they lubject 7 330. 
What are the three processei in which nutrition coniists ? Upon what principle 
are these processes explainel 7 To what must they be rtferred ? 



Digi 



tized by Google 



J82 



OF RESPIRATION 



CHAPTER m.— OF RESPIRATION. 

221 . The respiratory functions are performed principally in 
the thorax. We have seen that there is a vertical partition 
stretched between the spine and the sternum, called the media- 
stinum, which divides the thorax into two chambers (fig. 108.) 
The membrane which forms the mediastinum also extends 
round the sides of the thorax, forming a complete lining (2, 2) 
to each chamber, and is then reflected over .the surface (3, 3) 
of the lung. It is called the pleura, 

222. The organs of respiration are, the larynx, trachea, and 
lungs. The larynx (fig. 112) is composed of five cartilages. 

Fig. 112. 





Th« cErtilaires of the Larynx. 
c h The cricoM cartilage, g The 
arytenoid cartilaget. t The thy- 
roid cartilage. 



1 The front part of the larynx. 4 
The poiterior oart of the cricoid car- 
tilage. 5, 5 The arytenoid cartilages. 
6, 6 The vocal cordi. 9 The attach- 
ment of the cords to the arytenoid 
cartilages. 9, 10 The aperture called 
the glottis. 



The lowest is a circular ring, (c, h, ) called the cricoid cartilage 
The thyroid cartilage (t) consists of two parts, united at an acute 
angle so as to form the prominent point in the neck, (called 
Adam's apple.) This cartilage is situated above the cricoid, so 

OMArTBR III.«S31. Describe the pleura. 233. What are the organs of respiration 1 
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Fig. 114. 



that in front there is a membranous space between them.^^' But 
as the two parts of the thyroid extend backward, they also 
become prolonged dovmward, so as to enclose the cricoid at the 
sides where they articulate with it. The cricoid is widened 
behind, and upon the upper edge of this widened portion {h^ h) 
are placed the two arytenoid cartilages {g,) From the base of 
the arytenoid cartilages, (5, 5, fig. 113,) ligaments "(6, 6) called 
the inferior vocal cords stretch forward to the front angle of the 
thyroid cartilage, reducing the dimensions of the tube, and 
giving the aperture a triangular form. There are two ligaments 
commencing near the top of the arytenoid cartilages, and 
running parallel with the lower ones, which are the superior 
vocal cords. A vertical section of the larynx, from a to ft, fig. 
113, would be represented by fig. 114, in which 1, 1 are the 
superior, and 2, 2 are the inferior cords, 
and 4, 4 are the ventricles of the larynx. 
The arytenoid cartilages are so furnished 
with muscles that they are capable of 
considerable motion ; and, as one end of ^ 
the cords 2,2, is attached to them, it fol- 
lows that they may be made tight nr^- n a— 4 

loose, or be made to approach or recede 
from each other. The voice is made by 
the air from the lungs pacing these cords, 
and its variations of tone depend on their 
adjustment. Hut it is subject to various 
modifications, from the capacity of the 
lungs, the force with which the air is 
emitted, from the form and size of the 
mouth, from the nosej the lips, the 
tongue, the teeth, etc. The tube thus formed is suspended from 




1, 1 The upper vocal 
cords. 2, 2 The lower vo- 
cal cords. 8, 3 The glot- 
tis. 4, 4 The ventricles o 
the larynx. 



70 This small, membraneous space can be felt below the Adam's 
apple, in the front of the neck, and thus the position of both the thy- 
roid and cricoid cartilages will be ascertained. 
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the OS hyoides (»,fig. 115) by a membrane «. The fifth carti^ 

lage pf the larynx (») is the epiglottis, so placed as to fit like a 

lid over the opening between the superior 

vocal cords during deglutition, and pre ven' 

J^] ^ 1* ^^^ f food from entering the larynx. 

"^ 223. The tnidua (4, PL m.) is thi 

contini^ition of the larynx to the thorax 
It is composed of from sixteen to twenly 
rings of cartilage, which, however, do not 
extend entirely around the trachea, but 
leave a space behind, which is closed by 
membrane; and the rings are also attached 
to each other by membrane. Immediately 
behind the first bone of the sternum, the 
trachea divides into two branches (5, 6) 
called bronchi^ which go to the two lungs. 
224. The lungs ( 1 , 1 , 2, 2, PI, III,) are 
situated in the two cavities of the thorax. The left lung is com- 
posed of two lobes, and the right lung of three. Eistch lobe con- 
sists of a great number of divisions, called lobules. Each lobule 
is a congeries of air ceUs, consisting of very delicate cellular mem- 
brane. The bronchi, after entering the lungs, divide into small 
tubes, and one of these tubes opens into each lobule. All of 
the air cells in a lobule communicate with each other, but there 
is no communication between the air-cells of difierent lobules. 

225. We have seen that the blood is subject to two distinct 
circulations, one of which is through the lungs. It reaches the 
lungs by the pulmonary artery, which is subjected to exoeedingly 
minute division, and finally becomes a system of capillary 
vessels, which are distributed upon the membranes composing 
the air cells. (13 Lith. Plate III.) The pulmonary veins re- 



The Larynx, t The 
«piglottif. u The hv- 
Old bone. 1 The thyroid 
cartilages, n The mem- 
brane extending from 
the h^oid bone to the 
Lhyroid cartilage. 



t 



Describe the several cartilages of the larynx. The vocal cords. How is the Toice 
produced 7 UpoD what do its modifications depend ? 393. Describe the trachea. 
304. The lungs. 325. The pulmonary capillaries. Of what are the lungs com 
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eeive the blood from these capillaries and convey it hack to the 
heart. The Icmgs are therefore composed of air cells, bronchial 
tabes, arteries and veins." 

^26. Eespiration consists in receiving air into the longs, 
and expelling it from them. This is effected bj the alternate 
contraction and enlargement of the cavity of the thorax ; and 
this change is performed by appropriate muscles, and not by 
any power belonging to^ the lungs. The thorax may be en- 
larged in three directions. The diaphragm has the form of 
a compressed dome, (4, 4, fig. 117,) and the contraction of its 
fibres tends to depress the dome, and reduce its position to 2, 2. 
The depth of the thorax is thus increased. The ribs come 
obliquely forward and downward from, the spine, so that their 
anterior extremities meet the line 2,2, fig. 118. There are 
several sets of muscles, (8, 8,) so attached to the ribs, 
that their contraction will raise them to a position neariy 
horizontal, and their extremities will be- brought forward 



^ The parts of the lungs here described are those upon which the 
respiratory functions depend. In addition* the lungs, like all other 
parts of the body, have their nerves, absorbents, and blood-vessels for 
nutrition. The interior surface of all the bronchial tubes and of the 
air-cells is also lined with a mucous membrane, which becomes impor- 
tant from its extreme liability to take on disease. In a condition of 
health, the secretion firom this membrane is only sufficient to keep the 
surfaces moist, and is constantly removed by evaporation. But when 
inflammation sets in, the secretion becomes copious, and either frothy 
or thick and adhesive, according to the stage and degree of the inflam- 
mation, and is thrown ^ff by expectoration. The intensity of the 
inflammation may vary from that of the slightest cold to that of active 
suppuration. 



poned 1 336. In what does lei plratlon eonsiit How it thit effected 1 How ii the 
▼ortical meaiure of the thorax increaied ? The traiuTene diameter 1 The distaace 
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to the line 3, 3, that is, the transyerse diameter of the 
A0*nj will be increased. The sides of the thorax will 



Fig. 117. 




A front view of the thorax in ret piration. Air if drawn into the lungi by the com- 
presfion of the diapbraf^m to the line 3, 3. At the same time the tides of the 
thorax take the position 1, 5. Air is expeiled from the luo^s by diminishinfif the 
cavity of the thorax. This is eftected in part by compressinfif the sides to the 
dotted line 3, 4. In part^ also, by compressing the abdomen from 6 to 7, thus 
elevating the stomach and liver, and lilting the diaphragm to the dotted line 4. 4. 

then have the position 1, 5, fig. 117, instead of 3, 4. At 
the same time, the sternum will be thrown forward, so as 

from the spine to the sternam 1 What are the means of ordinary, and what of lar 
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Fig. 118. 

1, 1, The Ribs. 2. 2, The sterniuB 
in the position whion it takes in exjai- 
roHon. The ribs are raised daring 
in^otralioni so that the sternum is 
brought forward to 8, 8. 4. 4, The 
'spine. 8, 8, Muscles bj which the 
ribs are raised at inspiration. 



to occupy the position, 7,7, fig. 119, instead of 6, 6, which it 
does when the thorax is contracted. 

In ordinary respiration, the diaphragm is the principal agent. "^ 

^ This action of the diaphragm is intimately connected with diges- 
tion. The depression of this mnscle can take place only as the muscles 
of the abdomen are relaxed, to make room for the abdominal Tiscera ; 
hence the difficulty of breathing after a hearty dinner, when all of the 
relaxation of the muscles is required to make room for the distention 
of the stomach. 

The diaphragm rises in consequence of the contraction of the abdom- 
inal muscles pressing the Tiscera upward against it. Thus, the process 
of respiration cannot be carried on at all without giving constantly to 
the stomach and intestines the motion upon which the digestive process 
in a great measure depends. 

It should not be inferred that ordinarily there is no elevation and 
depression of the ribs in respiration, for every person can see, by 
observing his own breathing, that there is. Still the object of this 
means of respiration seems specially designed to supply an extra 
amount, either when from active or fatiguing exercise, the system 
demands an increased influence from respiration ; or when, from the 
air being less pure, a greater amount is needed. Hence, persons who 
receive a sufficient supply, when the air is pure, become faint on enter- 
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But in forced respiratioii, nearly all of the mnscles of the neck, 
thorax, and abdomen are employed. -/ 

„. ,,^ 227. The amount of air 

receired mto the lungs at 
each inspiration is about one 
pint. But this will vary at 
different times in the same 
individual. Thus, vigorous 
exercise induces much fuller 
inspirations than are needed 
when we are at rest. The 
danger ordinarily is, that the 
ainount will be below the 
wants of the system. This 
may result from the thorax 
being contracted naturally 
or by the compresaon which 
it has received from the close- 
ness with which clothes are 
worn, from the habit of sitting 
or walking with the shoulders 
bent over and resting upon 
the thorax, or from a diseased 
condition of the lungs. 
Mental states also have an influence upon the amount of 
respiration. Depression of spirits diminishes the action of the 
respiratory muscles ; and hence the deep inspirations {sighing) 
to which such persons are accustomed. Nature thus insists 
upon these deep inspirations occasionally, to prevent in part the 




* Side view of the thorax. 1 The cavity 
of the thorax. 9 The cavity of the abdo- 
men. 8 and 4 Th.e different poiitions of 
the diaphragm in expiration and inspira- 
tion. 6, 6 and 7, 7 The different positioni 
of the iternum and abdomen. 



ing a crowded room, if they are so dressed that their respiration can- 
not, by the moyement of the ribs, be increased. 



bored respiration 1 337. What amount of air is oi(linariIy received into the lungs 7 
Upon what does the variation from this amount depend 7 How do the states of 
mind affect the amount of respiration 7 Wh^t is the physiology of yavoinf % 
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evils which would otherwise arise from the too limited amount 
of air which the lungs are receiying. 

Yawning is for a similar purpose. It generally occurs either 
in the morning, before the respiratory muacles haye received the 
amount of stimulus which, in a waking state, they need, or at 
other times when the body is sluggish and the respiratory action' 
is feeble. It consists of an involuntary, ileep and prolonged 
inspiraticm, in order to completely fill the lungs, and furnish the 
necessary stimulus when a person is not disposed to secure it by 
active exercise. 

228. The object for which air is introduced into the lungs 
is to supply oxygen to the blood. But if pure oxygen is 
breathed, the stimulus is too great. The atmosphere which has 
been provided for our use in respiration contains one-fifih <^ its 
volume of oxygen, and the most of tiie remaining four-fifths is 
nitrogen, which, so far as is yet known, has no other end- than 
to dilute the oxygen so as to adapt it to the purposes of the 
(System. 

Afguming that the oxygen contained in a pint of air at the 
ordinary temperature, is the amount needed by the blood at each 
inspiration, it is obvious that when the air is reduced in volume 
by cold, a pint will contain more than we are supposed to need ; 
and when it becomes expanded by a high temperature, it will 
contain less. The quantity of oxygen received into the lungs 
may vary firom this cause by as much as one-fourth of the whole 
amount. 

As the consumption of oxygen is connected with the develop- 
ment of the vital force, we see in this a reason why we should, 
in winter, experience more elasticity of feeling, possess more 
energy, and be able to perform more labor. Vital heat is also 
developed in obnnection with the consumption of oxygen. As a 

138. For what purpose is the air received into the langs 7 What is the oonatitution 
•f atmospheric air 7 To what extent may changes of temperature Tary the amount 
•C oxygen inhaled 7 Why is ni|p<nnrgy of the lyitem experienced and nore ani 
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larger amount of beat is needed by tbe system in winter ihaa 
in summer, it is a wise provision tbat a larger amount of oxygen 
is tben necessarily imbaled. 

229. Tbe air may lose, to some extent, its fitness for respira^ 
tion by being diluted witb other substances, such for instance 
as watery vapor, but especkdly by carbonic acid. 

A very small proportion of carbonic acid, about « tenth of one 
per cent., always exists in the air, and does not appear to be 
injurious ; but in various ways it is liable to accumulate in larger 
quantity, chiefly however by respiration. If, by means of a tube, 
we breathe into a transparent solution <^ lime, it will at 
once become milky, and a chalky substance will at length sub^ 
side. This, like common limestone or chalk, is carbonate of 
lime, of which the lime was dissolved in the water, and the 
carbonic acid must have come from the lungs. It is one of the 
essential products of respiration. It is injurious, not simply 
because it dilutes^e air, and thus diitiishes the proportion of 
free oxygen, for even when oxygen is added artificially, the pre- 
sence of carbonic acid renders it detrimental. Four per cent, of 
this gas, which is about the proportion contained in the air as k 
comes from the Jungs, renders it highly injurious, and. a much 
smaller proportion is undoubtedly hurtfrd. In this fact princi- 
pally consists the importance of proper ventilation of school- 
houses, woi^shops, churches, halls for public meetings, and 
sleeping apartments.^ 

^ The sleeping apartment has sometimes been warmed by setting a 
dish of burning charcoal within it. The casualties arising from this 
practice haye, it is hoped, put an end to it. It is obyious that it must 
be attended with great danger, for carbonic acid is rapidly giyen off 
from burning charcoal, and the danger is indreased from the fact that 

mal heat developed in winter than in gnmrnef ]T ^1i39. Ifyw may the air loose to some 
extent its fitness for respiration 7 How is i^0^wn that carbonic acid is exhaled 
from the langs 1 What proportion of caitoiic acid does the exhaled air contain 'i 
Does the injury to the air from the pres«iloe o^^p^tonic acid arise from its redac- 
inff the amoant of free oxyfea ? Why shoi#|f|pces in which many persons ara 
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230. The air is received into tbe air cells (4, 4 PL IV, fig. 2) 
in the lungs, and the blood flows through the blood vessels which 
are spread out over the surface of these cells. There is there- 
fore a membranous partition between the blood and the air. 
Membrane is not, however, as was formerly supposed, imper- 
meable to air, or even to liquids ; but some gaseous substances 
penetrate it much more readily than others. Oxygen, carbonic 
acid and watery vapor are found to be of the first kind, while 
nitrogen scarcely passes through membrane at all. It follows 
that, when atmospheric air is received into the lungs, the oxygen 
will readily pass from the air cells into the blood, while the ni- 
trogen will be retained, and that carbonio acid and watery vapcnr 
will easily pass from ike blood into the air cells and be expired. 

There are about twenty respiratory movements in a minute, 
and one pint of atmospheric air is inhaled each time. One-fifth 
of the atmosphere is oxygen ; and it is found that about one- 

this gas tends to produce stupidity and sleep, and therefore ftimishes 
to the indiTidoal no warning of its effects. 

The large fire-place and chimney of former times had its adyantages; 
for, with a good draught, the amount of air carried from a room by it 
was always sufficient to accomplish all of the purposes of ventilation. 

When the draught is imperfect, carbonic acid may be thrown from a 
grate of ignited coal into a room, in. such quantity as, without pro- 
ducing any smoke, to bring on headache, and make the air very 
unwholesome. 

The use of air-tight stoves has this disadvantage, that they effect no 
change of air in a room. They can be safe only when the air is fre- 
quently changed by opening doors or windows. 

The objection to ventilation is, that in cold weather it introduces 
cold air, and with it exposure to cold. This objection is obviated in 
the use of ftimaces. The air should be allowed to escape at the top of 
the room, and the air which is admitted is that upon which the warmth 
of the room depends 

likelj to be collected be well ventilated 7 380. How does the oxjgen reach the 
blood in the langi 1 Whj doei not the nitrogen alio enter the circulation 7 What 
proportion of iti volnme of oxjg^lf^ the blood take up 7 OIto the caloulatioa 
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foarth of the oxygen, that is, one-twentieth g£ the whole amount 
of inspired air, disappears at each respiration, and nearly an 
eqoal yolume of carbonic acid is sii^plied. B j twenty respira- 
tory movements then, that is every minute, a pint of oxygen is 
received into the circulation, and during the same time nine 
pints of blood (216) have circulated through the lungs. The 
blood, therefore, absorbs one-ninth of its volume of oxygen firom 
the atmosphere. 

231. We may now inquire what are the changes in the con- 
stitution of the blood effected by respiration. We have seen 
that the Uood which comes to the lungs has a darknred or purple 
color, and that when }t goes from the lungs it has acquired a 
scarlet hue. In the lungs, the blood parts with carbonic acid 
and absorbs oxygen. These are all of the changes of impor- 
tance known to occur; and we might infer that in these 
changes consists the conversion of venous to arterial Uood. We 
can, however, subject venous blood to more direct experiment, 
by taking it from the system and exposing it to the action of the 
atmosphere, under such circumstances as to exclude the influence 
of other causes. It is still found to take the color of arterial 
blood, while oxygen is absorbed and carbonic acid is given offl 
The blood seems to undergo no change in chemical constitution 
after leaving the pulmonary capillaries, till it reaches the nutri- 
tive capillaries, and none after it enters the veins till it reaches 
the lungs. Hence, the changes which take place in the nutritive 
capillaries must be exactiy the reverse of those in the lungs ; that 
is, the blood must part with oxygen, and absorb (Carbonic acid. 

The blood contains a small prop<nrtion <tf iron, amounting in 
the whole system to two or three ounces. This is found in the 
red globules. The most satis&ctory explanation of these 
changes (which is, however, to a great extent hypothetical) 
consists in supposing that in the arterial blood the iron is in the 

«pon whi«h this tUtomtat if mad* 7 3tl. What ohtBges doet the blood nndorgo 
In tho pnlmourj oapUUriM by rMpiiatioal^ «om mtjr tho proof b« fiTta out of 
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0tate of a peroxide ; that is, it is combined with one equivalent 
and a half of oxygen. In its circnlation through the natritive 
capillaries it meets with carbon, with which half an equivalent 
of its oxygen combines, forming carbonic acid. The iron is 
then reduced to the state of a protoxide. The carbonic acid 
combines with the protoxide, forming a carbonate of the prot- 
oxide of iron. This carbonate gives to the blood its venous 
character, and as such it leaves the capillaries and enters the 
veins. When the blood reaches the lungs, the oxygen there 
received decomposes this tsarbonate, sets the carbonic acid free, 
which escapes in respiration, and combines with the iron, restor- 
ing it again to the state of a peroxide. If this view is correct, 
the office of the red globules is that of carriers, distributing the 
oxygen from the lungs to every part of the body to ^hich the 
circulating fluid is sent, and gathering up the refrise carbon and 
conveying it to the lungs to be eliminated. 

232. It remains to determine the purposes for which these 
changes take place. 

The nutritious substances are highly complex compounds, 
such as are produced only by the processes of vegetable life, and 
are held together by a very feeble affinity. Whenever they 
become deprived of life, decomposition at once begins. We see 
this in the spontaneous decay of meats, fruits, vegetables. Mid 
even wood. But as long as they possess vitality, there is a 
power which resists this tendency to decay. We cannot make 
use of any other known power, such as heat, electricity, cohe- 
sion, or gravitation to produce these results. We therefore give 
it a distinct designation — ^Uie vital for u. 

We have seen that, at short intervals, a certain amount of 
nutritious substance must be supplied to the blood. Before it 

tho body 1 What change! take place in the natritive capiUaries 1 Give the changes 
which are inppoted to take place in the red globulei. 383. What is meanttttj^e 
vital force 7 Why- can this not be considered as some other known force,^MPBec-' 
tricity, for example,) acting to prevent the chemical changes ? What ^^g« ta 
•ffeoted in the natritive capillariit by the oxygen of the red globales ? H<j||l^ 
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enters the Bjstem, it is identical in oompodtion with liying 
tissne.^^ It therefore brings ioto the system the force by which 
it retains its complex compoffltion. It passes wiHiout change of 
chemical constitution through the digestive apparatus, and 
through the organs of circulation. In the nutritiye capillarieSy 
it is simply removed from the circulation and incorporated into 
muscular and other tissues. The first change in the constitution 
of the nutritious substance takes place in the nutritiye capil- 
laries, by the combination of the oxygen which the red globules 
convey with the carbon of the living tissues. We must conclude, 
then, that this current of oxygen which enters the system by 
respiration, has for its object the decomposition (the destruction 
of vitality) of parts of the living body. 

But when Hiis decomposition takes place, it liberates the vital 
force by which the combination was before retained. And this 
force, no longer employed in the service of the nutritions sub- 
stance, now becomes available for other purposes. The in- 
voluntary motions the system claims, such as those of nutrition, 
* respiration, digestion, tlie contraction of ike heart, etc. ; and 
the brain controls and appropriates enough force for this purpose, 
whether we assent to it or not. The surplus of this force we are 
at liberty to employ, in thought, exercise, labor, etc., at our 
option. This is a man's physical strength. 

233. This explanation of the mechanical power of the system 
is in accordance with all of the known facts which bear upon it. 

Thus, if a person breathes impure air, or has a contracted 
chest, so that but a limited amount of oxygen is inhaled, but 
little tissue can be decomposed, and his muscular powers are in 
the same proportion enfeebled. 

74 It is not intended to oonvey the idea that the seyeral tissues, sach 
as muscle, membrane, cartilage, nerve, and brain, are identical in 
composition ; but so nearly identical that, in order to give a correct 
general mew of the several yital processes, they may be so considered. 

the yiUl force beeome available ? How if it used '* What part of it can be em- 
plojred in rolontary effort 7 33S. What if the effect of limited anpply of oxjfeK 
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If a person be confined to a soantj diet, bat little living 
Ussae will be formed. But little, therefore, oan be decomposed, 
and his ability to perform physical labor is CfurespondiDgly 
reduced. 

When a person puts fortli an extraordinary degree of musouhur 
effort, a large amount of deoompositbn must take place, and a 
large amount of nutrition is required. Hence it is, that whenever 
an unusual amount of muscular effcfft is demanded, the respira- 
tory effort is increased, and the amount of fur inhaled is increased 
two or three Md. The immediate effect is the increased decom- 
position of Uving tissue and the increased supply of physical 
power. 

A large amount of nutrinent may be taken inU) the system, 
but may be used principally to promote growth. As there is 
but a small proportion of it decomposed, there is but little 
muscular power or ability to endure fatigue. 

It would seem that the system is incapable of renewing these 
tissues as rapidly as they lure decomposed by the system in an 
active condition, dence it is made necessary that most of the 
mechanical functions should be periodicaUy suspended and res- 
piration become less active. This is the period of iZeep, and 
only so much mechanical force is employed as is necessary to 
carry on the circulation and reconstruct the tissues in which the 
decomposition was becoming excessive. 

When the decompodition of tissue goes on, and furnishes the 
fierce necessary to perform the vital functions, and lliere is no 
supply of fwA from which new tissue can be formed, extreme 
emaciation takes place. When there is no tissue left which is 
capable of decomposition, the vital force can no longer be devel- 
oped, and life no longer exist Such is death by sta/rvaiion. 

234. We have seen that one effect of the combination of 

and why 7 What of limited supplj of food, and whj 1 What conditions are neces* 
lary where great mnscnlar effort is required 7 What is the elRsot of rapid growth 
upon the itvength^ and whj 7 In what consii ti the demand for sleep 7 How doec 
ritality oaase from sttnration 7 384. What other effect hesidef the derelopment oi 
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oxygen with these tissues is, to convert the yital force into avail-* 
able mechanical force. Another effect most be the development 
of heat. The changes are as strictly a combustion as if they 
took place in the open air — of precisely the same nature as the 
combustion of ordinary fuel. They consist essentially in the 
combination of oxygen and carbon ; and it is one of the necessary 
results of this combination to generate heat. 

In ordinary combustion carbon is supplied in the form of wood 
or coal ; the oxygen is derived from the air ; carbonic acid is 
formed and removed by the current of air ; a residual ash of 
earthy matter with which oxygen will not combine is left, and 
heat is evolved. Within the system, the fuel is the living 
tissue, the oxygen is furnished by the red globules ; carbonic acid 
is produced by the comblaation, removed by the venous blood, 
and at length exhaled from the lungs ;. a residual substance with 
which oxygen will not combine is dissolved in the blood, but fin- 
ally removed by the action of the kidneys, and heat is evolved. 

The amount of heat evolved must be in exact proportion to 
the carbon consumed, and depends therefore upon the amount of 
oxygen inhaled. The heat will be evolved not in the lungs 
particularly, but in every part of the system to which the 
oxygen is carried by the red globules. 

235. We have thus far spoken of the food as composed of 
nutritious substances ; that is, of substances which are identical 
in composition with the tissues of the body, and which, in order 
to effect the nutrition of the 49ystem, need only be rendered 
soluble by the digestive process, absorbed by the lacteals, intro- 
duced into the circulating fluid, and appropriated to the repairs 
and growth of the several parts. All of these substances con- 
sist essentially of four elements — oxygen, hydrogen, carbon, and 
nitrogen." They are called the dements of nntHtiony or, as they 

Ts There are varioas other sabstances, such as soda, potassa, lime, 

TiUl force reiultt from these chemical changes 1 Compare these changes with or 
dinary combustion. How is the amonnt of heat limited 7 Where is ;fc produced 
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are characterized by containing nitrogen, they may bo failed the 
fdtrogenized constituents of the food. 

The flesh of animals, cheese and eggs consist almost entirely 
of these elements. The albuminous vegetables, such as beans, 
peas, etc., and the gluten of wheat and other grains, contain 
them in large proportion. Most other vegetable substances — 
the grasses, roote, etc.-'-contain them but in smaller proportion. 

The living tissues are built up from these elements, and by 
the decomposition of these tissues and their elimination, the 
forces of the system and animal heat are developed. 

236. If the amount of heat required were in all oases 
exactly proportioned to the vital force required, and if the 
oxygen present were no more than sufficient to combine with the 
tissues for the production of this force, there would be no occasien 
for any other kinds of food. This, however, is by no means the 
case. A part of the year, we are surrounded by a temperature 
little inferior to that of the body. But little animal heat is lost, 
and the supply required is very small, though the amount of 
vital force required be considerable. In the winter season the 
radiation of heat firom the b#dy is very rapid ; and, in order to 
sustain the requisite temperature, heat must be rapidly developed 
by the system, even though but little vital force is needed. 
Moreover, if there were an excess of oxygen in the circu- 
lation, it would probably continue to combine with the living 
tissue, and produce emaciation and disease. 

Hence the necessity of food which has a composition so 
different from living tissues that it cannot become a part of them. 
Of this description are the oils, the fat of animals, sugar, starch, 

phosphorus, sulphur, and iron, in very small quantities, in the ele 
ments ef nutrition. 

SS5. What are the two kinds of food 7 What is the relation of the elements of nntri' 
tion to tbe living tissues ? What is their composition 1 How are they character, 
ized ? What are examples of this kind of food ? What do the elements of nutrition 
accomplish in the system 7 336. Under what circumstances may we suppose n« 
other kinds of food would be necessary ? What are the circumstances which re» 
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and all of the saooharine and farinaceous parts of the grains^ 
roots, grasses, and whatever vegetable substances are ever used 
•as food. They are composed of oxygen, hydrogen, and carbon, 
but contain no nitrogen, and are called the eUmetUs of respiration. 
The oxygen and enough of the hydrogen to constitute water, will 
not affect the temperature of the body. The excess of the hy- 
drogen and the whole of the carbon may combine with the 
oxygen of the inspired air. This oomUnation must develop 
heat in proportion to the amount consumed. The products, 
after combination, are only carbonic acid and water, both of 
which are given off in large quantity by the lungs. 

237. It follows, in the first place, from the different pur- 
poses to which th(9 elements of nutrition and those of respiration 
are subservient, that all persons, and in all circumstances, re- 
quire some ^d which contains the elements of nutrition, and 
that persons of sedentary habits need less of these elementsHhan 
those whose occupations require the exertion of more physical 
force. It need not be animal food, for we get the same elements, 
though not in so concentrated a state, in many kinds of vege- 
table food. 

Secondly. The kind and amount of food should vary with 
the season and the qUmate. The inhabitants of warm climates 
eat less than those of cold, both because they need tct develop 
less animal heat, and because they put forth less physicid effort. 
Every person needs more of the elements of respiration in his 
food in wmter than in summer. In the extreme northern 
regions, the inhabitants consume large quantities of fat, oil, and 
other substances which contain no nitrogen, but which are rich 
in carbon.'* 

70 With persons who indulge in free liying, and who exercise but lit- 

der another kind of food necesiary 7 What are instaneei of this second kind 1 
What is their composition 7 What are they called 7 How are they eliminated from 
the system 7 337. Why do all persons need the elements of nutrition 7 Do 8eden<» 
tery or active persons need the most, and why 7 From what sources, animator 
vegetahlci are these to be ohtained 7 What effect should th» seasons have in the 
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If there is aa excess of these elements of respiration in the 
Bystem^ it is deposited in the form of fat.^ 



CHAPTER IV.— OP ABSORPTION. 

238. Tht Lacteals are a part of the absorbent system, 
designed for the absor|>tion of the chjle from the small intes- 
tine, and have been described in connection with the subject of 
digestion. 

239. The m^u are also absorbents. Most of the absorption 
of the system is undoubtedly performed by them ; for the sixty 
gaUons of blood which they return to the heart every hour is 
sufficiently charged with absorbed matter to change sensibly its 
properties. They may absorb other substances ; but their 
special office as absorbents is to take up the waste products 
occasioned by the decomposition of the living tissues. 

240. There is a third class of absorbents called lymphatic 

tie, the oxygen received into the system is insufficient to consume 
entirely the carbon which belongs to the tissues, offered for decomposi- 
tion. These tissues are decomposed, but the residuum is a nitrogen 
compound containing an excess of carbon, and in consequence becomes 
insoluble. It often accumulates in the bladder as stone or gravel, and 
can be removed only by surgical operations. 

77 Advantage is taken of this in the fattening of domestic animals. 
They are furnished with an abundance of such food as is readily trans- 
formed into fat, that is, of the elements of respiration. To secure these 
elements from being removed by respiration, every precaution is taken 
to diminish the quantity of oxygen received into the system, by pre- 
venting Qxercise, and by guarding them against exposure to a low 
temperature. 

selection of food ? Why is less food needed in warm cliiiates 7 What is the cha- 
racter of the food among the inhabitants of the polar regions, and why 7 

Chattbk ly.— 238. What ii the office of the lacteab 1 339. What is the office ol 
tte veini as absorbents 7 340. What is the third class of absorbents ? Describt 
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vessels, (Figs. 120, 121, 122.) They commenoe by a network 
of exceedingly minnte tubes in all parts of the surface of the 

Fig. 120. 



i 



A Lympbatio yesiel. magnified. 

irae skin, and of all the free surfaces, such as the membranes 
which invest the brain, and the serous membranes generally, the 

Pig. 121. 



A Lymphatic vessel laid open to show the valves. 

mucous and synovial membranes, the surface of the eye and the 
interior surface of the arteries and veins. The network of theso 

Fig. 122. 




Lymphatic vessels passing through glands. 

Fig. 123. Jg ^ glQgg (fig 123^ ^Y^^^ ^JjgQ 

injected, the surfkce looks like 
a pellicle of quicksilver. As 
they leave the surfaces in which 
they originate, they are still 
slender tubes, but abundantly 

A plexus of Lymphatic vessels in the Supplied with ValveS, OCCa^On- 

m,m8gni e . ^j^ passing through glands, 

and, though not uniting into large tubes like the ^eins, they 
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converge towards the centre of the system, and finally onite in 
the thoracic duct. (Fig. 124. ) 

241. In all parts of the body there are substances which 
have performed the offices for which they were intended, and 
being no longer useM, require removal. Of this nature are the 
secretions within the joints, thorax, abdomen and cranium. In 
like manner, particles of the body, either from its ordinary 
motions or from accident, as in case of bruises, extravasation 
of blood, etc., are continually losing their vitality and need to 
be removed. The removal of such substances seems to be 
specially the duty of the lymphatic vessels. 

242. These vessels are found to contain a liquid generally 
colorless and somewhat resembling the serum of the blood. It is 
mingled with the chyle in the thoracic duct, by which this mixed 
fluid is conveyed into the blood. Thus every substance which has 
once been used, as the synovia or any of the lubricating fluids, 
but which is capable of being appropriated again, is returned to 
the circulation for that purpose. Whatever is incapable of such 
use will be separated from th^ blood by some secreting process. 

243. Several conditions of the body depend on the activity 
or inactivity of this system. 

When the absorbents of the head, thorax, abdomen, pericar- 
dium or joints fail to absorb the fluids secretf^ into their 
cavities, dropsy occurs in those parts. 

When the quantity of refuse matter in any part of the body 
is greater than the absorbents can remove, a tumor is formed, 
which increases in size tUl it opens a passage to the surface and 
the vitiated matter is discharged. 

Eruptive diseases consist in the deposition of such matter near 
the surface of the body as the absorbents will not act up^n. 

them. 241. What substances are they intended to absorb ? 343. Describe the fluid 
which they convey. What is the object of returning it into the blood 7 343. What 
It the effect when the absorbents of the closed cavities become inactive 7 What is 
tk e result when the refuse matter becomes considerable 7 What are eniptivf d^ 
eases 7 What substances are absorbed by these vessels from the surface. 

9* 
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These Teflseli, though they do not re&di through the cuticle, 
are yet capable of taking up substances which exist on the sur- 
&ce and conveying them into the blood. Unguents, poisons, 
and contagious miasma, as well as mokture and l^pid nutriment, 
are sometimes in this way conveyed into the circuktion. Refuse 
and unwholesome matter is constantly thrown from the system 
by perspiration, and if not Removed by frequent ablutions, will 
be reabsorbed and tend to generate disease. 



CHAPTER v.— OF SECRETION. 

244. The secretions of the system have several objects. 
There is one kind of secretion the object of which is to lay up 
m store substances which tiie system may afterwards need* The 
adipose matter, the fat of the system, is such a substance. 
It comes from the elements of respiration. When there Is a 
residutUn not needed a# the time it is furnished, it is deposited 
in the ceUs of the loose cellular tissue, for the purpose of being 
removed whenever the condition of the system is such as to 
need a larger supply of animal heat than the daily supply of 
food will produce. It is this store of fat which enables hyber- 
oating animals to sustain a feeble respiration during the whole 
winter without taking food at all. 

A second class of secretions is designed to accomplish parti- 
cular objects in the system. When these are accomplished, the 
secretion is again returned to the circulation. Such are the 
secretions from the serous and some of the mucous membranes. 

Secretions of a third class are also designed to acccmplish 
special purposes in the system, but having accomplished these 

Chaptkk v.— 344. What is the object of the lecretion of fat 7 What ii the lecond 
kind of secretion 1 The third 1 The fou -th 7 345. What is the nature of the secre> 
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purposes are of no further use. Such are the tears, the earwaz, 
and the perspiration. 

A fourth kind, of which the urine is perhaps the only example, 
has no other known ohject except the separation of refuse 
matter from the blood and the rejection of it from the system. 

245. The natwre of the secrttirtg process is not understood. 
It has, by some, been regarded as a chemical process, by others 
as a mere filtering process. But the facts are inexplicable on 
either theory. We may consider it as a separation of sub- 
stances from the system, so controlled by the vital force as to 
make the selection always tiie one required, just as the proper 
selection is made of the materials for the growth and repair of 
the several parts of the body.^ 

246. The organs of secretion are of two kinds — surfaces and 
gli^nds. Secretion takes place from all the surfaces of the body 

The lining membranes of all of the dosed cavities, such as 
the joints, thorax, abdomen, cranium and pericardium, secrete 
fluids to lubricate them. 

The membranes which line the nasal cavities, the mouth, 
pharynx and esophagus and the intestines, secrete a mucous 
substance for the lubrication and protection of these organs. 
The internal surface of the stomach is a mucous sur&ce, but the 
object of its secretion is particularly the digestion of food. 

The internal surface of the lungs secretes carbonic acid and 
watery ' vapor. Perhaps this ought to be regarded rather as 

^ An explanation of this process on physical principles would seem 
to be impossible ; it obyiously inyolves something more than mere phy- 
sical agency. There is choice, a function of mind, the work of a 
thinking Being ; and yet our thinking powers have no control over it. 
This Being, our BiYine Protector, exercises this choice for us without 
cessation, and in all parts cf the body. Otherwise our life must cease 
at once. 

ting proceifl 7 346. How many kinds of secreting organs are there 1 How are the 
cl<Med cayities lubricated ? What is the secretion from the several parts cf the 
alimentary canal 7 Wha.: is the secretion from the lungs ? 2^7. Describe the fol 
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transmifBion of these gasses, for the surfaces seem to have no 
more agency in the process than lifeless membrane. 

247. The skin famishes two kinds of secretion, one from 
follicles, and one from perspiratory tubes. The 
foUides (fig. 125) are small cavities situated in 
the substance of the true .skin, and opening at 
the surface by narrow orifices. They are found 
in all parts of the surface, but are most abundant 
in the arm-pits, the groins, and on the face and 
noee. They furnish an.nnctuous secretion, which 



Fig. 125. 



Fig. 126. 



mm 




flection of the skin of the fineer, 
magnified fourteen times its thick- 
ness, g, gy The perspiratory glands, 
situat^ed in the cellular tissue/, be- 
low the skin. A, h, The perspiratory 
tubes, passing throuch the seyeral 
layers of the skin, and opening upon 
he surface, t, t. 



Shnple and com 

pound Follicles, 

magnified. 

serves to soften the cuticle and pro* 
bably to prevent it from being affec- 
ted by the dryness or moisture of 
the atmosphere.^ They are large 
on the edges of the eyelids, and the 
oily secretion probably prevents 
the lachrymal fluid from escaping 
extemally.80 They are also abun- 
dant in the ear, and produce the 
earwaz. 

Follicles are also found in the 
mucous surfaces ; but the secretions 
from them are like the secretions 
from the surfaces in which they are 
situated. 

248. The most important ac- 
tion of the skin is that of p^- 
spiration. This function is per- 
formed by small tubes, which 



w The orifices of the follicles are apt to become closed, and the secre- 
tion within the enlarged opening becomes hardened, producing a black 
speck ; the contents of the follicle can be removed by pressure. These 
substances from their form and hardness, have been called <* yrormt^ * 

M The inflammation of these follicles constitutes the ** sty.'* 
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eommence below the true skin in the perspiratory glands {g, gy 
fig. 126.) These tubes pass by a spiral, course through the 
true skin and cuticle to t^he surface. The orifices of these tubes 
are, in popular language, the pores of the skin. They are very 
numerous, amounting in some parts of the surface to several 
thousands upon a square inch. 

249. One office of these tubes is to remove a certain 
amount of re^e substance &om ihe system. It is generally in 
the form of insensible perspiration, that is, of vapor, which is 
continually escaping from all parts of the surface ; but in warm 
weather, or during severe exercise, it is abundant enough to 
appear as moisture on the skin and sometimes in drops. The 
perspiration consists of water slightly charged with saline ingre- 
dients. The amount of daily perspiration must be exceedingly 
variable ; but it is probably about one-fourth of the weight of 
the solid and liquid substances which we take into the stomach. 

250« Another important office of perspiration is its influence 
upon the temperature of the system. We have seen that heat 
is produced by the combustion of the carbon of the decomposed 
tissues, and that provision is made for increasing it by ^nishing 
certain kinds of food which have no other object. But we often 
need the means of also reducing the heat. We may often be 
surrounded by a temperature equal, or nearly equal, to that of the 
system. Heat will continue to be generated, but there will be 
none radiated. It is the office of perspiiration to effect its 
removal. Water at the temperature of the body must absorb 
eleven hundred degrees of heat in order to become vapor. For 
every ounce therefore of water given off in a state of vapor by 
perspiration, enough heat has been taken from the system to 
heat seventy pounds of water one degree. The apparatus of 
perspiration has thence the power of abstracting heat with great 

licles and their secretioi^, and its use. 248. Describe the perspiratory apparatus. 
849. What is their office. How does the perspiration appear 1 How much is elimi* 
oated in this w&v 7 360. What other office has perspiration 7 Why is this naces 
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rapidity ; and as tiie temperature rises, the rapiditj of perspira- 
tion increases So complete is this protection, that a person 
may remain for half an hour in an oven soffioientlj heated to 
oook his dinner and not be injured, provided his perspiratory 
sjTstem be in a state of great activity!^* 

251. The follicular secretions are not of a nature to be 
evaporated, and the saline ingredients of the perspiration are 
also left on the surface. In order that these substances may 
not obstruct the pores of the i^in, and that they be not 
absorbed by the lymphatic vessels, it is important that the 
entire surface be washed daily with water and soap or some other 
nmilar detergent. The method may be by the water bath, vapor 
bath, by showering or ponging, according to the convenience of 
each individual. 

Experience must teach us whether warm or cold water should 
be used. If there is a healthy and vigorous reaction af)^r using 
jold water, then that is to be preferred. If the surface be- 
comes shrivelled and pallid by the use of it, then warm water is 
better. And in all cases sufficient fiiction upon the surface 
should be produced by the towel or flesh-brush, to restore an 
energetic circulation. 

Lastly. The clothing and exercise should always be such as 
to preserve the requisite warmth and keep open and active the 
perspiratory orifices. 

81 It is scarcely credible that the human system can endure a tem- 
perature so high as, in perfectly well authentioafced cases, it is known 
to have endured. Sir Charles Blagden and others exposed themselves 
to a temperature of 260®, that is, about 60** above the tempera- 
ture of boiling watei; without injury. Chauntry, the sculptor, often 
entered his drying rooms when they were at a temperature of more 
than 800**. It has been said that ovens heated to a temperature of 
600® have been entered by some of the famous fire kings, without 
injury ; but the accuracy of these statements may be doubted. 

lary 7 How doei it accomplish tliit object 7 :251. Whj is frequent ablution necei* 
fltry 7 By what ihoold we be governed in seleoticg warm or cold water 7 Wliat 
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252. Secretion from glands. Most of these seeretions are 
subservient to other functions, and have already been described. 
The principal of these secretions are from the lachrymal and 
salivary glands, and from the liver and pancreas. 

253. The kidneys (fig. 127) are two large glands situated in 
the lower part of the abdomen, one on each side of the spine. 

Fig. 127. 




Section of the Kidnej. 

They receive a very large supply of blood, and secrete from it 
the urine, which is conveyed by the ureters to the bladder, and 
is thence expelled from the system. 

The importance of this secretion consists in the fact that it is 
the only one by which certain substances can be eliminated 
The urea, that is the solid portion, which remains when urine 
is evaporated, is derived from the decomposition of the tissues, 
muscle, cartilage, etc. It is the nitrogenized compound lefb 
when the oxygen of the red globules has combined with most of 

conditions besides cleanliness are necessary to the healthful action of the perspira* 
torj system 7 353. What glands have been before described? 358. DQScri>» th« 
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the carbon. For the separatioii of Ma substance from the blood 
there is no other provision but the kidneys ; and if it were not 
removed, the blood wonld very soon be incapable of carrying on 
the flections of nutrition. 

254. In addition to the glands above named, there is the 
spUeUj situated at the left of the stomach, the office of which is 
supposed to be to receive the blood, during the intervals between 
digestion, which the stomach receives while digestion is going on, 
and thus the constant and injurious accumulation of the gastric 
juice is prevented. There are also the thymus and thyroid 
glands J situated in the neck, which are subservient to infantile 
life, probably by receiving ami returning the blood which in 
maturer life is sent to the brain. 

255. The healthy action of the secreting organs is of the 
utmost importance. If the urine is not secreted, the blood is 
soon poisoned. When this secretion is too copious, it becomes 
a dangerous disease. If the gastric juice is deficient, digestion 
ceases. Upon derangement of the biliary secretion arise some 
of the most formidable diseases. K the synovia is not secreted, 
the joints become immovable ; etc. 

256. It is also important to observe that there is an inti- 
mate sympathy between several of the secreting organs, espe- 
cially the skin, mucous membrane of the nose, the intestines, the 
luQgs and the kidneys. If the action of one is interfered with 
its office is assumed by another. Thus in cold weather, and 
especially if a person is not sufficiently protected during sleep, 
the pores of the skin become contracted and inactive, and the 
urinary secretion is increased. But the sudden contraction of 
these pores by a draft of air checks the perspiration, and deter- 
mines either an increased action of the mucous membrane of the 

kidneys ? In what respect are they important 7 254. What is the situation and 
use of the ipleen ? Of the thymus and thyroid glands. 355. Illustitte the impor> 
tanoci of the healthy action of the secreting organs. 356. Give instances of tut 
sympathy existing between the secreting organs. How ihoola this transfer ut 
functions be regarded 1 
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nose^when we have a cold in the head, or the extra labor w 
thrown upon the respiratory organs and we have a cold upon the 
lungs, or the mucous membrane of the intestines becomes active 
to excess and results in diarrhoea or dysentery. 

When the surface of the lungs becomes diseased, or the 
bronchial tubes become obstructed so that less oxygen is takep 
up by the lungs, the amount of carbon consumed in the system 
is too small, and an excess is therefore contained in the resi- 
duiQm which it is the office of the kidneys to remove. But 
with an excess of carbon this residuum is but slightly soluble. 
Hence, the urine secreted when there is a cold upon the lungs 
is highly colored, and upon cooling deposits a thick sediment. 
This insoluble substance may be secreted so rapidly that it 
collects in a solid form in the bladder. 

This transfer of Unctions is a condition of disease ; but it is 
the effort of nature to relieve us from still greater danger. The 
diseased action of the lungs, nasal cavities, or intestines is less 
injurious than it would be to have in the system the substance 
which should have been excreted by the skin. It would there- 
fore he unwise to attempt to check this disease directly. Allow 
it to continue to perform, in place of the skin, a service which 
is necessary to the general health of the system, and remove the 
disease only by reestablishing that function which has been 



GENERAL QUESTIONS ON THE REPAIRING SYSTEM. 

Give the analysit of the repairing lyitem. 

Chaptbr I.— Describe the peritoneum. Of what do the teotlont of thii chaptei. 
in their order, treat 7 Section 1.— Describe the mode of development of the teeth. 
How are thej divided 7 In the case of the teeth, what are tke three precautions to 
be observed 7 Describe the salivary glands. The tongue. The pharynx. « The 
esophagus. The physiology of mastication and deglutition. Sbctioit 9.— Describe 
the stomach. Give the physiology of the stomach. Why does the digestive sys* 
tem require special care 7 Wliat are the two objects for which food is taken 7 
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Whatciroumituioet require the moet concentrated, and what the least concentrated 
food 7 What are the general principlei for the selection of food in health 7 What 
in dyspeptic disease 7 Why are liquid substances required in the system 7 How 
are they received into the circulation 7 What modifications in food are effected by 
cooking, and how do these changes affect the system. How are we to judge of the 
quantity of food needed 7 What are the practical rules in reference to the times of 
iaking fbod, and what are the grounds of them 7 What are the conditions favora- 
Me to digestion 7 SectioivS. — Describe the duoUenum. The liver. The pancreas 
Give the^ihysiology of these organs. Sectiok 4.— Describe the small intestine. The 
mesentery. Give the physiology of the small intestines. Describe the large intestine 

CHArrxa U.— Deecribe the blood. The pericardliini. The heart. Its valves. 
The arteries. Their valves. The distribution of the arteries. The veins. The 
course of the circulation. The forces by which it is sustained. The amount ol* 
iaily circulation. How if the pulse produced. What rules are to be observed 
when an artery is wounded 7 For what purpose is the anastomosing of the ar- 
teries 7 How may we estimate the amount of nutrition performed 7 Where does 
nutrition take plaee 7 DMcribe the capillaries and their use. 

Chaftek hi.— Describe the pleura. The larynx. How is the voice pro uced I 
Describe the trachea. The lungs. How is respiration produced 7 What ^i the or- 
dinary amount of respiration 7 What circumstances affect the amoun*. 7 What 
proportion is oxygen 7 What circumstances may vary the amount of oxygen re- 
ceived 7 From what sources is carbonic acid derived 7 How is it injurious ' 
Why should rooms intended for a large number of persons be well ventilated 7 
How is the oxygen received into the blood 7 How much is received in compari- 
son with the amount of blood circulated 7 What changes are effected in the blood 
by resplr^on 7 In what way are these changes made 7 What is the vital force ? 
How does it become mechanical force 7 Give the facts which corroborate this ex* 
planation 7 What is the second object of respiration 7 How is the heat produced 7 
What are the two kinds of food 7 What is the composition of each 7 Give ex- 
amples of each. What is the object of each in the system 7 Under what circum- 
stances should e«eh kind be used 7 

Ghaptbe ly.— For what are the lacteals designed 7 How is it shown that the veins 
act as absorbents 7 Describe the third class of absorbents. Their office. What 
conditions of the system depend upon their activity. 

Chatter V.— What are the four classes of secretions 7 Describe the secreting 
process. What are the organs of secretion 7 What secretions are performed by 
surfaces 7 Describe the follicles and their physiology. The perspiratory appara- 
tus. What is its physiology as an excretory system, as connected with the tempe 
rature of the body 7 What are the principal glands 7 Describe the kidneys and 
their use. » The spleen and thymus and thyroid glands. The relation existing be 
tween the secreting organs. 
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PLA.TE I. Back view of the Muscles of the system. 1. The coji« 
plexus. 2. The splenius. 8. The trapezius. 4. The rhomboideus. 
5. The deltoid muscle. 6. 'tThe longissimus dorsi. 7. The three 
origins of the triceps extensor cubiti. 8. The supinator radii lon- 
gus. 9. The extensor digitorum communis. 10. Th^ flexor carpi 
ulnaris. 11. The extensor longus polUcis. 12. The gluteus me- 
dius. 13. The gluteus maximus. 14* The gracilis. 15. ^e semi- 
membranosus. 16. The biceps cruris. 17. The semi-tendinosus. 
18. The plahtaris. 19. The gastrocnemius. 20 The peroneus. 
21. The tendo Aohillis. 

Pirate n. Front view of the muscles of the system. 1. The sterno- 
cleido-mastoideus. 2. The platysma myoides. 3. The deltoideus. 
' 4. The pectoralis major. 5. The serratus magnus. 6. The obli- 
quus externus abdominis. 7. The pronator teres radii. 8. The 
biceps flexor cubiti. 9. The flexor carpi radialis. 10. The flexor 
• digitorum sublimis. 11. The sartoriusJ 12. The rectus femoris. 
18. The vastus internus. 14. The vastus externus. 15. The 
gastrocnemius. 16. The extensor pollicis pedis. 17. The exten- 
sor digitorum pedis. 18. The tendo AchilUs. 19. The tibialis 
anticus. 

Plate m. The Heart and Lungs. 1, 1. 2, 2. The luiigs. 8. The 
larynx. 4. The trachea. 5, 6. The bronchi, distributed by mi- 
nute divisions to 7, 7, the lungs. 8, 8. Air cells of the lungs. 9. 
The ascending vena cava. 10. The descending vena cava. [The 
right auricle is nearly concealed.] 11. The right ventricle of the 
heart. 12. The pulmonary artery, which carries the dark blood 
into the lungs, distributes it upon the air cells, 18, 13, when, be- 
coming changed to arterial blood, it is taken up by the pulmonary 
veins, returned to the left auricle, and passing to 15, the left 
ventricle, is sent by 16, the aorta, a^zi to the svstem generally 
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Plate IV. Fig. 1. — The Human Heart. The yesse^s oontalning Tenons 
blood have the pnrpfe color ; and the Teasels 'for arterial blood 
are colored red. 

Fig. 2.-^The Capillary Circulation in the Lungs. 1, A bronchial 
tube, opening by its branches into three air cells, 4, 4, 4. The 
dark blood from the pulmonary artery (2) is sent through the 
capillaries of the air ceils. The oxygen of the air cells passes 
through the membranous partition, combines with the dark blood, 
and changes it to arterial, and thus it is returned by the pulmc* 
nary Tein (3) to the heart. 

Plate V. The Circulation. 1, The right auricle. 2, The right Ten 
tricle. /», a. The pulmonary artery, a, a, a, a. The Tarious parts 
of the .lungs through which blood is sent, /i, v. The pulmonary 
Teins. 8, The left auricle. 4, The left Tentricle. a, o. The aorta. 
b, by bt The Tarious parts of the system through which the blood 
is sent. The arrows indicate the direction of the circulation. 
The Circulation is here represented to be effected by two hearts. 
If we conceiTC these two hearts to be brought together, and made 
to constitute one organ, our idea of the circulatory apparatus will 
be correct. 

Plate VL The Arteries. H, The heart, a, b. The arch of the 
aorta. 1, The coronary arteries. 2, The carotid arteries. 8. 
The BubclaTian arteries. 4, The phrenic arteries. 6. The ooeliao 
arteries. 6, The mesenteric arteries. 7, The emulgsnt arteries. 
8, The iliac arteries. 

Plate VII. The Veins. 
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HJDEX AND GLOSSARY. 



THB NITltBBRS REFER TO THE PARAGRAFHII* 



Abdomen. 172. 

Abduc'tor oc'ui. (L. abduco to 
lead away). Th© nerve which 
goes to the external straight 
moscle of the eje. 

Absorption. 288. 

Acr^'mion. (Or. aicpo(, the high- 
est part, and o/toct the shoulder.) 
The prominent part of the shoul- 
der. 

Aoetab'ulum. 43. 

Adaptation in the neryes of gene- 
ral sensibility, 122. 

Adaptation of the eye, to different 
distances. 182. 

Adipose, fat. 

Albu'men, a nutritious substance 
which hardens by heat, of which 
the white of an egg is an example. 

Al'oohol, 189. 

Amount of the circulation, 216. 

" " respiration, 227. 

" sleep, 166. 

Anas'tomose. (Or. ava, through, 
and CfOfjuL, a mouth.) The open- 
ing of arteries and veins into 
larger ones, 216a. 

Anatomy, object of. I. 

Anfrac'tuosities. 97. 

Animal heat, 284. 

Animal and yegetable food, 187*. 

Antag'onism of the muscles, 78. 

An'trum maxillare. (L. antrum, 
a cave,) a cavity in the upper 
jaw, 24. 

Aor'ta. 212. 

Aqueous humor, 127. 

Arach'noid membrane, (Ghr.a/9a;tvi7, 
a spidjBr, resembling a spider's 
web,) 98. 



As'bor vit». (L. Tree of life.) 99 
Articulation. (A joint.) 
Arrangement of muscles, 71. 
Ar'teries, 209. 
Aryte'noid. (Gr. apvraivay a ewer, 

ewer-shaped.) 222. 
Astrag'alus, 51. 
Au'ditory nerve, 140. 
Au'ricle. 207. 

Axillary. (L. odrtV/a, the arm-pit.) 
Ax'is, 88. 

Ball and socket joints, 65. 

Bathing, 251. 

Belly of the muscles, 68. 

Bile. 195. 

Blood. 202. 

Bones of the cranium, 11, 12. 

" " « ear, 188. 

" " «« face, 22. 

" " " foot, 54. 

" " " forearm, 47. 

" «« " hand, 48. 

« '« «• head, 11, 12. 

" «* «* lower extremities, 50. 

c< « ^ c( pelyiB, 41. 

*« " «« spine, 81. 

" «• " thorax, 88. 

« « <c upper extremities, 46. 
Brain, its agency in mental opera* 

tions, 105. 
Brain, as a means of manifesting 

volition, 104. 
Brain, an organ of the mind, 102 

" a repository of force, 100. 
Bron'chi, the divisions of the trj&- 

ohea 228. 



Ca'nine. (L. eanitf, a dog 
name of the third tooth. 
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INDEX AND OL068ART. 



Capillary systems. (L. eapiilus, a 

hair.) 219. 225. 
Capsule. (L. eapMula, a casket.) 

The membrane which encloses 

the caTity of a joint, 68. 
Carbonic acid in the air, 229. 
Car'diao. (L. eardiaeus, ^rttdmng 

to the heart.) The orifice of the 

stomach on the left. 
CarnesB. (L. earo, flesh.) Fleshy. 
CarniT'orous, living on flesh. 
Car'pal. (L. carpus, the wriit.) 

Pertaining to the wrist. 
Car'tilages of the joints, 57. 
Cause of deafness, 146. 
Cellular membrane. Note 20. 
Cerebellum, the lower and back 

part of the brain, 95. 
Cerebrum, the upper and front 

part of the brain, 95. 
Cer'Tical. (L. eervixy the neck.) 

Pertaining to the neck. 
Changes effected by respiration 281 . 
Choice of food, 188. 
Cho'roid. (Or. x<H^V') The se- 
cond coat of the eye, 126. 
Chyle. 197. 
Chyme. 184. 
Ciliary, (L. eilium, the eye-lash,) 

consisting of filaments. 
Cineri'tous substance, (L. cinis, 

ashes,) the ash-colored substance 

of the brain, 99. 
Circulation. 202 
ClaTicle, (L. elavU, a key.) 45. 
Coag'ulum, the clot of blood. 218. 
Coc'cyx, the lowest bone of the 

spine. 81. 
Cochlea, (L. a snail shell,) part of 

the labyrinth, 189. 
Combined action of muscles, 74. 
Composition of bones., 7. 
Conditions of digestion, 198. 
Conductors of sound, 142. 
Con'dyle, (Gr. Kovdv^og, a button,) 

a protuberance. 
Condyloid joints, 64. 
Conjuncti'va, (L.) The transparent 

membrane which covers the front 

part of the eye, 125. 
Contents of the lymphatic vessels, 

242. 



Convolutions of the brain, 9T. 

Cooking of food. 190. 

Cornea, (L. eornu, horn,) the trans- 
parent coat of the eye under 
the conjunctiva, 126. 

Coracoid, (Gr. Kogai, a crow, re- 
sembling a crow's bill,) applied 
as the name of several processes. 

Coronal, (L. corona, a crown,) su- 
ture. 20. 

Coronoid processes. 

Cor'pus callo'sum,(L. a hard body,) 
the fibrous mass between the 
hemispheres of the brain, 98. 

Course of the blood, 214. 

Convolu'tions of the brain. 97. 

Cra'nial nerves, 118. 

Cranium, form of the, 19. 
«* uses of the, 21. 

Cri'coid, (Or. xgiKOCt a ring,) car* 
tilage. 222. 

Crystaline lens, 127. 

Cutaneous secretion. 248. 
** absorption. 243. 

Cuticle. (L. eutia, skin.) 161. 

Begluti'tion, the act of swallowing. 
Denta'tus, (L. dens, a tooth,) a 

tooth-like process. 88. 
Development of bones, 6. 
Digestion, 172. 
Diet, rules of, 185. 
Diploe, {Qr.diirXauct double.) 12. 
Direction of visible objects, 128 
Distribution of nerves, 116. 
Dorsal (L. dorsum, the baqk,) per 

taininff to the back. 
Double circulation, 217a. 
Dreaming, 170. 
Duode'num, (L. twelve,) the com* 

mencemeht of the small intes* 

tine, 194. 
Dura mater, (L.) the outer men 

brane which encloses the brMn 

92. 
Dyspepsia, treatment of, 188. 

Ear tube, 187. 

Education of the muscles, 75. 

Effect of oxygen in respiraiiuA 

280. 
Elements of nutrition, 285 
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Elements of respiration, 237. 

Enamel of the teeth, 174. 

Epiglot'tis, (Or. over the glottis,) 

• the cartilage that covers the 
glottis in swallowing. 222. 

Epiph'jrsis, (Gr. eirt, upon, and ^6>, 
to grow,) a prominence of bone. 

Esoph'agus, (Gr. oigo^yog, the gul- 
let, 181. 

Eth'moid, (Gr. rfiiio^i a sie^e,) a 
bone of the cranium, 18. 

Easta'chian tube, 138. 

Excessive activity of the brain, 109. 

Exercise of the brain, 107. 

Excrementi'tious, that which is 
useless in the sjstem. 

External ear, 186. 

External parts of the eye, 125. 

Extra v'asation of blood, the es- 
cape of blood from its proper 
vessels into the cellular tissue. 

Expiration, the act of expelling 
air from the lungs. 

EyeUds. 126. 

Farina'ceous, consisting of farina, 

starch. 
Fas'cia, <L.) a band of tendinous 

substance, 
facial, (pertaining to the face,) 

nerve. 113. 
Fasciculus, (L. a small bundle,) a 

collection of minute muscular 

fibres. 
Falx, (L. a pruning hook,) applied 

from their form to two folds of 

the dura mater. 
Fe'mur, 50. 

Fenes'tra, (L. a window,) t}ie open- 
ings into the labyrinth. 138. 
FiVrin of the blood, 204. 
Fib'ula, 52. 

Flexion, the act of bending. 
FolUcles, 247 
Fora'men,^ plural, foramina, (L.) 

an aperture. 
Forces of the circulation, 215. 
Form of the bones, 8. 
Formation of chyle, 197. 
Forms of the muscles, 70. 
Fos'sa, (L. a trench,) a depression 

in the base of the cranium, 19. 



Frontal bone, 18. 
Frontal sinuses, 13. 
Function— office or duty-— purpose 
Functions of the brain, 1(K). 
« « « aerves, 118. 

Ganglion. 115. 

Gastric juice, 184. 

Geratine, an animal product, sol* 
uble in water, glue. 

Gland, an organ of secretion. 

Glosso-pharynz, belonging in com-^ 
mon to the tongue (glossa) and 
the pharynx. 

Glot'tis, the opening into the la- 
rynx. Fig. 113. 

Glu'ten, the toush substance ob- 
tained from wheat by chewing 
the kernels. 

Great sympathetic nerve, 117. 

Growth of the body, 233. 

Growth of bones, 10. 
" ** the teeth, 174. 

Hand, as an organ of prehension, 

49. 
Hearing, 136. 
Heart, 206. 

Hemispheres of the cerebrum. 95. 
Hepatic, pertaining to the liver. 
Herbiv'orous, a term applied to 

animals which require vegetable 

food. 
Hinge joint, 68. 
Hu'merus, 46. 

Hydraulic, relating to the convey- 
ance of liquids. 
Hy'drogen, one of the elements of 

water. 
Hyoid (U-shaped) bone, 80. 
Hypo-glos'sus, (Gr. ^tto, ujider,) 

under the tongue, one of the 

cranial nerves. 

Immovable joints, 61. 

Incisor, (cutting,) the sharp fron. 

teeth. 174. 
In'cubus, (night mare.) 169. 
Incus, (L. an anvil,) the name iA 

one of the bones of the ear. 
Injury of the arteries, 218. 
Insertion of the muscles, 68. 
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Intestmes, 198. 

luternal parts of the eye, 126. 

Intervertebral foramina, 35. 

Tnyoluntary mnsclee, 66 

IniB,136. 



Joints, 66. 



EldneTS, 253. 
Kinds of food, 186. 



Ldbyrinth, 139. 

Lachiymal bones, 23. 

Lachiymal glands, 125. 

Lacteals, 238. 

Lacteal absorption, 200. 

Large intestines, 201. 

La'iynx, 222. 

Ligaments, 59. 

Liquid food, 189. 

Liquor of Cotun'nius, 140 

liver, 195. 

Lobes of the brain, 95. 



Locomotion, motion fix>m place 

place. 
Long-sightedness, 133. 
Lower maxillary bone« 29. 
Lower spongy bones, 27. 
Lumbar, pert£uning to the loina 
Lungs, 224. 
Lymphatic vessels, 240. 



Medias'tanum, (L. mediw^ the mid- 
dle, and Gr. reivo to stretciw,) 
a double partition through the 
thorax fW>m the spine to the ster- 
num. 221. 

Medulla oblonga'ta, (L. the pith, 
prolonged,) the portion of the 
spinal cord, within the crani- 
um, 96. 

Medullary substance, 99. 

Mes'entery, (Gr. fieuevrepioPf) the 
membrane to which the small 
intestines is attached. 199. 

Metacarpel, (Gr. fiera, beyond, and 
Kofiirog, the wrist.) 48. 

Metatarsal, (Gr. beyond the-^heel,) 
pertaining to that part between 
the instep and the toes. 54 

Mlas'ma, fGr.) Infecting substance 
in the air. 

Mitral valves, the valves in the 
second ventricle of the heart 208. 

Molar, (L. mola, a mill,) a grindmg 
tooth. 174. 

Mo'tor oc'uli, (L.) the name of the 
third cranial nerve. 113. 

Moveable joints, 62. 

Mu'cus, a viscid secretion from m^ 
cous membranes. 

Muscles, 66. 

Muscular fibre, 68. 

Muscular power dependent on the 
circulation of blood, 78. 

Muscular power dependent on tht 
nervous mfluence, 79. 



I 



Mag'num fora'men (L.) the larger 
aperture in the base of the cra- 
nimn through which the spinal 
cord enters, 16. 

Malar, (L. ifoto, the cheek,) per- 
taining to the cheek, 25. 

Malleus, (L. a hammer,) the first 
bone of the tympanum. 

Mastica'tion, (L. mastica'tiOf the 
act of chewing,) 173. 

Vastoid (Gr. /taarof, nipple,) for- 
amen. 16. 

Maxillary, (L. maa'iUoi^ or jaw- 
bone. 24, 29. 

Mechanical System, 5. 

" " why necessary, 3. 



Nasal, pertcdning to the nose. 

Nasal bones, 22. 

Nature of muscular power, 76. * 

" secretion, 246. 

Nerves, 112, 

Nerves of special sensibility, 118. 
" general sensibility, 119. 
" voluntary motion, 123. 
" involuntary motion, 124. 
Nervous system, why necessary, 3. 
Nitrogen, a chemical element, a 

constituent of the atmosphere. 
Nitrogenized constituents of -the 

^d, 235. 
Nutrition, 218-20. 
Nutrition, elements o^ 236. OOQ Ic 
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Object of the L>nes, 5. 

" *« lymphatics, 241. 

Objects of perspiration, 249. 
« secretion, 244. 

Oc'ciput (L. ob. and caput,) the 
back part of the head 

Occipital bone, 15 

Olec'ranon, (Gr. the elbow.) 47. 

Olfactory nerve. 113, 

Optic, pertaining to the ey^ 

Orbicnlar muscles. 

Orbit of the eye, the bony cavity 
in which it is lodged. 

Origin of the muscles, 68. 

** /* spinal nerves, 116. 

Oxygen consumed by respiration, 
230. 

Os, (L.) bone. 

Osseou.^, relating to the bones. 

Ossification, the act of becoming 
bone, 6. 

Js'sa nnominata, (L. bones not 
nai )d,) the bones of the pel- 
vis, i2. ^ 

Ovoid, resembling (ovum) an egg. 

Palatine bones, 26. 

Pan'creas, (Gr. nav, all, and uptOQ^ 

flesh,) 196. 
Papilla, (L.) a small elevation. 
Parietal, (L. paries, a wall,) bones, 

14. 
Parotid, (Gr. 9ra/9a,nearandouf, the 

ear.) 
Partial sleep, 168. 
Par vagum, (L. the wandering pair 

of nerves.) 118. 
Patella, (L.) the knee pan, 53. 
Pelvis, (L. a basin.) 41. 

" objects of the, 43. 
Penniform muscles. 70. 
Pericar'dium, (Gr. heart enve- 
^lope,) 206. 
Perios'teum. 11. 
Peritone'um, (Gr. ^repi, around, 

and reivo, to extend,) the lining 

membrane of the abdomen. 172. 
Perspiration, 248. 
Petrous, (Gr. Trerpof, stone,) hard, 

like stone. 
Phal'anx, (Gr. a row, a portion of 

an army, pi. phalanges.) 



Pha'rynx, (Gr.) the upper part of 
the esophagus, 180. 

Phenomenon, (Gr.) pi. phenomena, 
what is observed. 

Phosphate of lime, one of the con- / 
stituents of bone. 7. ( 

Physiology, objects ot 1. 

Pi'a mater, (L.) the inner mem* 
brane of the brain, 94. 

Pitch of sound, 144. 

Plates of the cranium, 12. 

Pleura, (Gr. the side,) the mem 
brane which lines the thorax and 
covers the lungs, 221. 

Plexus, (L. a network,) 115. 

Pons, (L. a bridge,) Varolii, the 
upper part of the medulla ob- 
longata, 96. 

Pronation, (L. pronu^ having the 
face bent downwards,) the act 
of turning the hand so that the 
palm will be downwards. 

Prehension, (L. prehensio, laying 
hold of,) the act or the power of 
holding. 

Process, (L.) a prominence on the 
bones. 

Pter'ygoid, (Gr. irrepop, a wing,) 
wing-like. 

Pulmonary, (L,pulmOt the lungs,) 
pertaining to the lungs. 

Pulse, (L. pello, to beat,) 217. 

Puno'ta lachrymalia, (L.) the ca- 
pillary tubes through which ^ 
lachrymal secretion escapes. ^ 

Pupil. (L.) 126. [188. 

Pyloric, (Gr. wvXjy, a gate,) orifice. 

Quantity of food, 191. 

Ra'dius, (L.) a bone of the fore* 

arm, 47. 
Red globules of the blood, 204. 
Reg'imen, (L.) the regulation of 

Relation of the secreting organs 

to each other. 256. 
Repairing system, 171. 

** «• why necessary, 8 . 

Respiration, 221. 

" elements of. JB6. [40 
*< upon what it depends 
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E&U muoo'sum, (L. nmoous net- 
work,) that portion of the cuti- 
cle in which the coloring matter 
is found. 161. 

Re'tina, (L. dim.of rete,) 126. 

Ribs, 89. 



I?acrum, the f rinclpal bone at the 

base of the spine. 81. 
Saorad, belonging to the sacrum. 
8ali'?a,the Tiscid secretion of the 

mouth. 178. 
Salirary glands, 178. 
f^ap'ula, (L.) 44. 
Sciatic, pertaining to the hip 
Schneide'rian membrane, 148. 
Sclerotic, (Or. ficX^pof, firm,) coat 

of the eye, 126. 
Secretion, 244. 

'* from gjlands, 252. 
" " surfaces, 246. 

Semi-circular canals, 189. 
Semi-lunar valves 210. 
Sensation, 108. 
Sense of feeling, 160. 

" •* hearing. 186. 

" «* sight, 125. 

" •* smell. 147. 

•« ** taste. 154. 
Se'rum, (L.) an ingredient in the 

blood, 204. 
Se'rous membrane, one which se- 
cretes a fluid resembling serum. 
Short-sightedness, 188. 
Sighing, 227. 
Simoid, rorooked like the^reek 

letter c) '^ 

Sinus, (I a bag,) a cavity. ^ 
Skeleton, the bones of the body 

arranged in their proper order. 
Sleep, 165. 
Small intestine, 199. 
Gpherical aberration, 181. 
Sphenoid, (Qr. cfv^t * wedge,) 

bone, 17. 
Spine, 81. 
Spinal canal, 86 

** cord. 111. 

** nervee» 114 
Spleen, 254. 
SqointiJI, 184 



Sta'pes, (L. a stirrup,) the ImI 
bone of the tympanum 

Starvation, 288. 

Sternum, 88. 

Stomach, 188. 

Structure of the bones, 9. 
*« «« hair, 161 

" «• heart, 206 

«« «« nails, 161. 
*«^ '• skin, 161. 

Styloid, (L. MtyltUy a writing 
stick) resembling a stylus 

Suture, 20. 

Subcla'vian, (L. avb, under,) name 
of organs under the clavicle. 

Sublingu^, (L. lingua, thi 
tongue,) eland. 178. 

Suboccipital nerve. 114. 

Submaxillary gland. 178. 

Supination, (L. supinus, with the 
face upward,) the hand so 
turned as to bring the palm up- 
ward. 49. 

Synovia, (Gr. cvv, like, and L. 
ovum, an egg,) a fluid like the 
white of an egg, 60. 

Synovial membrane, 60. 

Tarsal, (Gr. rapfoc, the middle 
and back part of the foot,) bonest 
those which form the tarsus. 

Tea and coffee, use of, 189. 

Teeth, 174. 

" care of the, 177. 

Temporal bones, 16. 

Tendons, 69. 

Tento'rium, (L.) the membrane 
which separates the cerebrum 
from the cerebellum. 92. 

Thorax, the upper cavity of the 
trunk. 221. 

Thorax, objects of, 40. 

Thoracic, (contained in the thorax,) 
duct. 200. 

Thymus gland, 254. 

Thyroid gland, 264. 

Thyroid cartilage. 222. 

Tibia, (L. a flute,) large bone of 
the leg, 51. 

Times of taking food, 192. 

Tissues, any of the organised tmb- 
stances of the body. 
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Tongue, 179. 

Tonsils, a mass of follicles on each 
side the entrance cf the pharynx, 
note 67 

Trachea, {Tgaxvg, rough,) the air 
passage to the lungs, 223. 

Tricuspid, (L. tres, three, and cua- 
pUf a point,) the three* pointedf 
yalves at the orifice between the 
right auricle and yentricle, 208. 

Trigem'ini, (L.) nerve, 113. 

Trochanter, (Gr.) the large pro- 
cesses of the femur, 60. 

Trochlea'ris, (L. trochlea, a pul- 
ley,) a nerve which goes to the 
superior oblique muscle of the 
eye, so named because that mus- 
cle passes through a pulley near 
the inner corner of the eye. 

True skin, 161. 

Tym'panum, (L. a drum,) part of 
the ear, 138. 

Ulna, (L. the arm,) the principal 

bone of the arm. 
Unguents, 243. 
Upper maxillary bones, 24. 
Usf of the red glubules, 281. 
Usee ef ^he cranium, 21. 

•< ' foot, 56. 



Uses of the pelvifl, 48 
" " spine, 37. 

Valves of the arteries, 210. 
heart, 208. 
** «* veins. 
Veins, 213. 

* as absorbents, 239. 
Velum pala'ti, 182. 
Ventricles of the brain, 98 

•« " glottis, 222. 

Vermicular motion of the intes 

tines, 200. 
Ver'tebra, 32. 

Ver'tebrsB, processes of the, 32. 
<* cartilages of the 34. 

«« diflFerences in, 33. 
Ves'tibule, 139. 

Viscus, (L.) an organ contained 4b 
any of the cavities of the body, 
plural viscera. 
Vital force, 232. 
Vitreous humor, 127. 
Vocal cords, 222. 
Voice, 222. 

Voluntary muscles, 67. 
Vomer, (L. a ploughshart,) 38. 

Vawning, 227. 
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NORMAL MATHEMATICAL SERIES 

OOMFBISiKa 

Stoddard's Juvenile Mental Arithmetic, by Johk f. Stoixdabd^ 

AJt, for Primaiy Schools. 72 pp. Price 13 centa. 

Stoddard's American Intellectual Arithmetic, by the same. An 
extended work designed for Oommon Schools, Seminaries, and Academiet. 
164 pp. Price 20 cents. 

Stoddard's Practical Arithmetic, by the same, embracing ever} 
rariety of exercises appropriate to written Arithmetic. 299 pp. Price 40 cts. 

Key to Stoddard's Intellectual and Practical Arithmetics, iti 

one book. Price 60 cents. 

Schuyler's Higher Arithmetic. A new and original work forOol« 
leges. Seminaries, Academies, and High Schools, by A. Sohityler of Ohio 
438 pages. 12ma sheep. Price 75 cents. 

Stoddard and Henkle's Elementary Algebra, for the use of Com- 
mon Schools and Academies, by John F. Stoddard, A.M^ and Professor 
"W. D. Henklb, of Ohio South-Westem Normal School Price 76 cents. 

Key to Stoddard and Henkle*s Elementary Algebra. Pnoo 

75 cents. 

Stoddard and Henkle's University Algebra, for High Schools, 
Academies, and Colleges, by John F. Stoddabd, A.M., and Professor 
W. D. Henklb. 528 pp. Price $1.50. 

Key to Stoddard and Henkle's University Algebra (in press). 

Stoddard^s Arithmetics are distinguished from all others by the originality 
of the questions, the brevity and perspicuity of the solutions and demonstra- 
tions, and the systematic classification of principles and arrangement of 
problems. Their use in the school-room has proved their admirable fitness 
for the quickening, strengthening, and harmonious growth of all the powers 
of thought, from the initiatory steps to the more advanced processes in mathe- 
matical reasoning. 

The Elementary Algebra bears the relation to this science that Stoddard's 
Intellectual Arithmetic does to that of nvmibers. It is systematic in its ar- 
rangement, concise and clear in its solutions and demonstrations, and con- 
taiug upward of six hundred cmd thirty examples and more than three hundred 
practical questions^ mostly original, in which principles are so combined as 
to induce originality, continuity, and closeness of thought; it will, therefore, 
be found a desbable addition to the text-books on this subject now betbre 
tibe public. 

The University Algebra contains nmeteen ku/ndred examples and more than 
§even hundred and thirty practical questions, and is the most extensive trea- 
tise on this subject ever published in America. It also contains much valu- 
able information to be found in no other American work, and is remarkable 
fbr the comprehensiveness, conciseness^ and completeness of its Rules, Sola* 
tions, and Deroonstrationa 
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Bdi: A. B. Home, Principal of Backs Ck)uiit7 NonAal and Classical School, 

"Wo have examined the XTnirersfity Algebra, by J. P. Stoddard, A.M., 
with more than ordinary care and intereel^ as its author has identified him- 
self with the onward march of education in Eastern Pennsylvania. In our 
estimation, this work certainly deserves to be classed among first-class trea- 
tises on Algebra It evinces throughout close investigation, and a desire to 
make this science as analytical and practical as possible. Prof. Stoddard's 
works on Arithmetic have certainly done a great work among us. His In- 
tellectual and Mental Arithmetics, have, we conceive, done more for the 
schools in Eastern Pennsylvania than any, and perhaps we might say all 
all other, school books of the last five or ten years. Pupils have been taught, 
through these instrumentalities, to g^ve reasons for, and explanations of, 
their solutions, instead of working for the answer, as was the old method." 

Mr. S. A. Torrill, late Superintendent of Public Schools of "Wayne County, 
Pennsylvania, writes : 

•* Stoddard's Arithmetical Series is now in general use in the schools of 
this county. They have stood the test for four years as the text-books io 
Arithmetic in our schools^ and are considered by our teachers superior to any 
others now before the public." 

From Hon. Samuel S. Randall, Supt. of New York City Schools. 
" I have examined * Stoddard's American Intellectual Arithmetic,* and 
cheerfully recommend it to teachers an4 parents as a valuable elementary 
work, and one well adapted to the, wants of pupils in the first stages of arith- 
metic. It is constructed upon sound and practical principles, and wiU be 
found an important addition to the text-books now in use in our Common 
Schools." 

Francis "W. Sherman, Supt. of Public Instruction of Michigan, says, in his 
Report for 1851: 

"A small work, entitled 'Stoddard's American Intellectual Arithmetic,* 
has been recently Rubmitted for examination, and is recommended by many 
of the most able teachers in the State. The introduction of this work into 
our Schools is not considered as conflicting with the views advanced in re- 
lation to a connected system. It embraces a branch of arithmetic somewhat 
peculiar to itself, and is a decided improvement on that of Colbum. The 
opinions of teachers in our own State, who have given to the work an ex- 
amination and approval, and in whose judgment great confidence is placed, 
are concurred in by this department." 

From N. J. Gates, Principal of Flushing School. 
"I have used 'Stoddard and Henkle's Elementary Algebra' during the 
past year and find it admirably well adapted to make good reasoners and 
dose thinkers. It has the distinguishing features and excellencies that char- 
acterize all of Professor Stoddard's wricbgs, viz., originality, brevity, and 
completeness of rules, definitions, and demonstrations, and a systematic classi- 
fication of all its parts, so that pupUs are led firom the primary principles to 
the comprehension of the several parts of the science with increasing interest 
m the gradation is so regular tiiat the pupils are conscious of inereasiiig 
strength, and originality of thought 



" T know of no work of h'ke character equal to it** 
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ElementB of Anatomy, Physiology, and Hygplene. Br Pbop 

J. R. LoOMis, President of Louisburgh University: Price 76 cental 

This is a new work, beautifUly illustrated with colored plates, and toboj 
origina] drawings. 

From Rev, M. B. Anderson, D.D., President of Rochester Univereity. 

BooHiGfCEft, Jane SOtti, 1808. 
** I have examined with some care the Physloli^ of President Loomis. It seems to tm 
dear, concise, well arranged, and in all respects admirably adapted for the purposes of i 
Isxt-book in schools and colleges. It has been osed hj tlua dasses in this Uniyersi^ wilb 
% itire satisfaction.* * 

RAoms High School, March 1, 1866. 
•* We have used Loomis' s Phjrsiology in onr school, and cheerfully recommend it as a 
work of real merit. Its arrangement is superior, and the author has anticipated the 
wants of the school-room. He has done much to draw the attention of teachers to the im- 
portance of the study, and the general adoption of his trsatise, as a text-book in our 
schools, would be an adv«nce in the work of Edacation. 

" Jira G. MoMtkv, Prin ♦♦ 

Prof. J. t Champlin, of Waterville College, Maine, writes: — 
" I am happy to commend to the public the work of Prof Loomis on Phy- 
siology. Though not professionally engaged in physical studies, I have yet 
read tiie work attentively, and am satisfied that it is one of the very best 
treatises which has been produced on the subject The known ability and 
experience of Pro£ Loomis in this and kindred departments, are a sufficient 
guaranty for the excellence of the woriE.'* 

From F. Dooleavj Long, Principal of the Spring-Garden Acadexnj, Phil»> 
delphia: 

" I have examined * Elements of Physiology* by Justin R. Loomis. Alio 
Stoddard's ' Arithmetical Series.' I am much pleased with their appearance 
and adaptation to the wants of our Common and Academical schools. 

" Tb« work on Physiology is a work much needed upon a study which is 
by far too much neglected in all our schools. In forming new classes J shaH 
introduce the work into my Academy." 

From A. J. Prosser, Cambria Co., Penn. : 

" I have carefully examined Loomis' Physiology, and consider it the best 
work which has yet been published for the use of schools. I shall commend 
tt a^ the next meeting of the teachers of our district" * 

The Elements of Geology ; adapted to Schools and Colleges. Witii nu- 
merous Illustrations. By J. R. Looms, President of ,Lewisburg Univer- 
sity, Pa. Cloth. 12mo. Price 75 cents. 

It is surpassed by no work before the American public." — 21, JB. Ander 
90% LL.D.^ President Rochester University, 

" This is just such a work as is needed for our schools. We see no reaso 
why it should not take its place as a text-book in all the schools in the land." 
•^N, r. Observer, 

" It gives a clear and scientific, yet mmple, analysis c' the mam l^tnre* 
of the loience.''— C(mgreg4UumaU8tf Boston. 
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L Hew Method of Leaming the Trench Language. By Jias 

OusTATi Kbbtsls, Professor of French and German in the Brooklyn Poly* 
teobnic Institute. 12mo. Price $1.00. 

This is a later work than Che Collegiate Course in Frencdi by the s&^ie ac- 
ILcn; It contains a dear and methodical ezpos^ of the principles (^ ths 
language^ on a plan entirely new. The arrangement is admirabla The 
Jessons are of a suitable length, and within the comprehension of aU classes 
of studenta The exerdses are yarious, and well adapted to the purpose for 
which they are intended, of reading, writmg and speaking the language, 
rhe Grammar part is complete, and accompanied by questions and exercises 
on ereiy subject The book possesses many attractions for the teacher and 
student, and is destined to become a popular school book. It hss already 
been introduced into many of the principal schools in the country. 

The foDowing testimoniala have been received during the past weel^ 

From Daniel Lynch, S. J., Director of Studies in Gonzaga College, Wash- 
ington:— 

** I have exMnined * Eeetels* Nejr Method of learnin^'the French Lanffaage,* and find 
it admirablj adapted for conveying a thorough knowledge of the French langaage. It 
It an easy and tore method of both writing and speaking French with aocaraoj and 



From M. M. Haliman, S. J., ProC of French at St Joseph's College, I^illa- 
delplua^ Pa : 

** I baTe oarefhllj examined * Eeetels* French Orammar J and found it admirablj ^•U 
adapted to oonyej a knowledge of the French language, it will, I doubt not, snperaede 
maaj of the grammars now lued in our sehoola." 

From Oswald Seidensticker, Prindpal of the Commercial and Classical 
Institute, Philadelphia : 

''The 'New Method of Learning the French Language, by Professor EeeteV *PP«ftn 
to be exceedingly well adapted as an introduction into the study of French. It is em- 
phatically a practical book, and bears the mark that It has r\»ulted from the author'g 
own experienfe in teaching. I shall take pleasure in soon giving it the test of a trial in 
my own Institute." 

From S. A. Farrand, Trenton, N. J. : 

" I have examined several works designed for pupils strxdylng the French language, and 
among them ' Keetels^ New Method of the French.* The last work I consider superior 
to any other which I hare examined, and shall use it in my classes as the best text-book 
upon the subject'* 

From F. L. Barbier, Teacher of the French Language : 
" I fully concur in the above testimony.** 

From Joseph McKie, Teacher of French, Newark, N. J. : 
^ I take great pleasure in adding my testimony to the value of * Eeetels* New Method 
of learning the French Language* as a school book. It will make its way, successfhlly, 
among the multitude of similar books, as well by its typographic, as its scholastic merits, 
[ shall introduce it next term into my school.** 

From John Early, President Georgetown College : 
"Ihai 
^•asore 

& Key to the New Method in Freneh. By J. G. Kmriui 1 1^ 
12ma Prce 40 oent^ 
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" I hav4 examined ' Eeetels* New Method of learning the French Language,* and takt 
in recommending it as a work admirably adapted for the purpoee.**^ 
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MELVILLE'S SERIES OF DRAWING CARDS 

BY FRANCIS MELVILLE. 

OONSISTINa OP 

Melville's Slate Drawing Cards, designed for Primary SchooJi, 
ire yerj simple and easily copied, at the same time teaching the elementi 
of the art. The lines are white, on a black ground. Price 25 cents. 

Melville's Drawing Cards, in 5 Numbers, each numfcer con- 
taining 16 cards, with pamphlet of instruction, in a neat case. Price 60 
oents each. 

All these numbers are either new or lately revised. 

No. 1 contains lessons in Elementary Drawing, consisting of outlines of 
Tsrious forms for beginners. 

No. 2 contains lessons in Landscape Drawing, both in outline and shading. 
Several of the lessons are devoted entirely to examples in skading. 

No. 3 contains lessons for Drawing Flowers and Ornaments, commencing 
frith the elements of the art. 

No. 4 contains lessons for Drawing the Human Head. Attention is given 
to the outlines of the features, the drawing of which is fully explained. 

No. 5 contains Finished Drawings of Landscapes, Figures, Animali^ 
Fruits, eta, eta 

Melville's Twelve Studies. Twelve Finished Drawings, printed on 
linted paper, royal quarto size, in a neat portfolio. Price $2.00. 

The series comprises heads of Washington and Franklin, Landscape!, 
Rgart% Slowers, Fruits, ka. Some of the studies are designed to be copi%>d 
with two cfsyons. 

Mr. Melville's long connection with the Public Schools as Professor of 
Drawing, is a guarantee of the value of his series. A few of the nomerooi 
testimonials received from Teachers are given on the opposite p^lg^^ ■ ^ 
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HELTILLE'S DRAWING CAEDS. 



TESTIMOKIALS. 

"New Tobk, May 20, 1869. 
'^ Having used Melville's Drawing Cards In Grammar School Ko. 13, 1 
have no hesitation in recommending them to teachers and pupils as being 
■3r8temati<»Uy arranged, *and in all respects equal, if not superior to any 
that I have seen. L. HAZELTINB, 

"Principal of No. 13." 

"Melville's Drawing and Slate Cards have been in use in Granmiar 
School No. 18 for some time, and I am much pleased with both series, ani 
prefer them to any yet introduced into the sdioola EUPH. BXRST^ 

* GRAiaci.B School 18, ) " PrindpaL 

April 2, 1860." ) 

" I fdlly concur in the abova WM. P. BERBY, Jr., 

** Teacher of Drawing m "Ward School la" 

m 

" Melville's Drawing Cards have been used in Grammar School 21 since 
their first publication, and have g^ven that satis&ction anticipated from Mr. 
Melville's well*known skill as an artist and teacher of drawing. I recom- 
mend their introduction in our schools, as, for durability of their materia], 
as well as execution; they are superior to any that have come under my 
notice. J^NO. BOYLE, 

" Grammar School No. 21." 

"New York, May 23, 1869. 
'* Mr. F. Mblyills — ^Dear Sir : Your Drawing Cards have been used m 
my sdiool since their first publication, and the Hon. S. S. RandaE says of 
our drawing at the last examination, ' that it was superior in all respecta. 
I consider it a sufficient recommendation o%our method of teaching. 

"ELIZA. GWYNNB." 

" Having had for some Ume practical experience in the use of MelvUle't 
Drawing cSuxls in Grammar School No. 30, 1 take much pleasure in recom* 
mending them to the immmediate attention of teachers desirous of introduc- 
ing a system of drawing superior to any tiling of the kind which has ahready 
come under my observation. E. MoILEOY, 

" New York, 23d May, 1869." " Principal 

"I cheerfully concur in the foregoing recommendation of Melville'a 
Drawing Cards. M. J. O'DONNELL, 

" Principal of Ward School No. 6." 

" Female Grammar Dept. No. 13, { 
" New York, June 1, 1869. f 
'* The twelv^superior lessons of drawing, originated by Mr. Melville^ m 
have used in iSr advanced classes, and can cheerfbUy recommend them to 
the pupils of our Grammar schools as being designed both for pleasure and 
improvement, It would afford us pleasure to hear of their general intro- 
iMCtioiL G. M. WATSO]!^, 

a J. DaiGBOVB.'? 
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Hazen's Speller and Definer. The Speller and Definer, or daoi' 
Book No, 2, designed to answer the purposes of a speUing-book and to 
supersede the necessity- of the use of a dictionary as a dass-hook. By £. 
Hazen, A.M. Price 20 dents. 

• Over 500,000 volumes of this book have been sold. 



This Speller and Definer was first published in 1829, and has stood the 
test of the school-room successfully to the present day. It was thoroughly 
revised by the author in 185Y, and is now called superior to any other book 
of the kind in use. At the time it was first published, it was the practice in 
nearly all the schools to try to commit to memory "Walker's School Dictionary, 
but through the influence of this book dictionaries in this application were 
nearly banished in a few years. 

Hazen's Symbolic Spelling Book. With 563 Outs. Price 20 cents. 

" " " " Part 1st, 288 Outs. Price 10 cents. 

'* " . " *' Part 2d, 266 Outs. Price 12 cents. 

The Symbolic Speller is intended to precede Hazen's Spdler and Definer 
Prom the reading lessoms of this spelling book, pupils may learn the meaning 
and application of a greati number of words which will serve as a good foun- 
dation for the explanation of others. 

Miles' United States Speller, A new work, oontainmg upwards of 
fifteen thousahd of the most common English words.. Price 13 cents. 

The author of this work is an old Practical Teacher. The arrangements 
tod classification are- original and strictly progressive ; and in Orthography 
and Pronunciation, the best standard authors, writers, and speakersi have 
been consulted. 

These Spelling-Bookrare designed to accompany Webb's Series of Normal 
Headers. 

Fitch's Mapping Plates ; designed for Learners in Geography, bemg 
a collection of Plates prepared for Delineathig Maps of the World, and 
Oountries forming its principal subdivisions, viz. : 1. The World. 2. United 
States. 3. Nort;^ America. 4. South America. 6. A State. 6. Mexico 
and Guatemala. 7. Great Britam and Ireland. 8. Europe. 9. Southern 
Europe. 10. Germany. 11. Afiica. 12. Asia. 13. Atlantic Ocean. 
14. Pacific Ocean. By Gbobox W. Pttoh. Price 30 oents. 

The attention of the public is respectfully called to the above plates, and 
10 the advantages they are calculated to afford in the study of Geography. 
They are prepared with the suitable and requisite Imos of latitude and longi- 
tude, for maps of the worid, and the countries forming its principal subdivi- 
sions, and are designed to be used in connection with the school atlases in 
dommon use, as well as with outline maps. With these Plates, the pupil ia 
able to commence, at once, the delmeation of maps, without the difficult and 
perplexing labor of drawing the meridians and parallels — a labor which 
generally consumes the time of both teacher and scholar, to an extent «&' 
tiroly disproportionate to any goo4 whiah may be derived thereby. 
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Tli9 Elements of Intelleotnal Philosopliy. By Fsurooi w^at- 

LASD, D.D. 1 ToL 12ina Prioe $1 25. 

This Tiluftble woik ttanda, without question, at the head of Text-books in 
the line of Intellectual Philosophy. It is the work of a great mind whicn 
has had the laiigest experience in teaching, and combines ti^ result of many 
jears of the most laborious research. It has already been extensiyely intro- 
dooed into our colleges and higher seminaries of learning; No teach^* or 
professional man should be without it. 

VniYersal History, arranged to ninstrate Bem*s Chart of 
Ouronolog^. By Elizabeth P. Peabodt. Complete in 1 vol Oblcm^ 
quarto. Price $1 25— with Blanks for reproduction. 

Peabody^s School History of the United States, iUustrated by 
painted plates o^ the Four last Centuries. Prepared on the prindide oi 
Bem*s Chart of Universal History. By Miss Elizabeth P. Peabqdx. 
1 ToL 12nKX Price 76 oenta 

The University Drawing-Book. A CoUocUon of studies of the 

Human Form, Animala, and Landscapes. Dra^ by the best artists, and 
• engraved on steel Accompanied with instructions, by Thokas W. Fisld^ 
A.M. Price $3 00. 

P^ley*s geography for Beginners, Hew edition, with Catedietir 

cal Introduction and Colored Maps. Price 30 cents. 

1^ Any nimiber of testimonials, from the highest sources, could Hie 
added, if thought necessary. 

The Konnal School Song-Book ; containing a new Oratorio, founded 
on incidents of the American Revolution, with original words; also, a 
great variety of Miscellaneous Music, both Secular and Sacred, with new 
instructions, adapted to the use of Public Schools, Singing Schools, and the 
Sociai Oirde. By L. A. Benjamik and L B. Woodbubt. Price 38 cents. 

Hatoral Philosophy ; for Schools, Families, and Private Students. . By 
Mrs. A. H- LiNOOLN Phelps, author of " Phelps's Chemistry," " Botany,* 
etc Prioe 76 cents. 

ndlosophy, for BeginnerB. Designed for Common Schoo^ a|id the 
younger pupils of higher schools and academies. By Mrs. A. H. Linooln 
Phelps. With illustrations. Prioe 60 cents. 

Chemistry; for Collegiate Institutions, Schools, FamilieB, and Private 
Students. By Mr& A. H. Lmcx)LN Phelp& New edition, revised and 
corrected, with an Appendix contaming the latest discoveries and improve^ 
ments up to 1867. Price 76 cents. 

Oiemistry, for Beginners. Designed for Common. Schools, and the 
younger pupils of higher schools and academies^ by Mrs. A. H. Lziroour 
Pbilps. With engravhigs. Price 60 cents 
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